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mvd_coding( x0, y0, refList ) { Descriptor
abs_mvd_greater0_flag{ 0 ] ae(v)
abs_mvd_greater0_flag| 1 ] ae(v)
if{ abs_mvd_greater0_flagf 0 ])
abs_mvd_greaterl_flag| 0 ] ae(v)
if{ abs_mvd_greater0_flag[ 1 ])
abs_mvd_greaterl_flag[ | ] ae(v)
if{ abs_mvd_greater0_flagf 0 1) {
tf{ abs_mvd_greater] flagf 0 ])
abs_mvd_minus2| 0 ] ae(v)
mvd_sign_flag| 0 ] ae(v)
!
ifi abs_mvd_greater0 _flagf 1 1) {
tfl abs_mvd_greater] flag( 1 ])
abs_mvd_minus2| 1] ae(v)
mvd_sign_flag[ 1 ] ae(v)
}
}

FIG. 10
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e If only mv, and mv, can be found, mv, is derived as:

_ h(mi/—mg) =Y

_ )
,mv) = mwy + h AT

mvy = muv§
where the current block size is WX H.

e If only mv, and mv, can be found, mv, is derived as:
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FIG. 28
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IMvd[ compldx ] = abs mvd greater0 flag[ compldx | *
(abs mvd minus2[ compldx ]+ 2)* (1 -2 *mvd sign flag] compldx])

— IfrefList is equal to 0, MvdLO[ <0 ][ vO ][ compldx ] is set equal to IMvd[ compldx ] for compldx = 0..1.
—  Otherwise (refList is equal to 1), MvdL 1] x0 ][ v0 ][ compldx ] is set equal to IMvd[ compldx | for compldx = 0..1.

FIG. 30

mv, = mv, + mvd,
mv,; = mv,; + mvd, + mvd,

mv, = mv, + mvd,
mv, = mv, + mvd, + mvd,
mv, = mv, + mvd, + mvd,

FIG. 31
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IMvd[ epldx [ compldx ] = abs mvd_greater( flag] cpldx [ compldx ] *
(abs mvd minus2{ epldx | compldx | +2)* (1 -2 * mvd sign flag] cpldx ][ compldx ])
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If ¢pldx s equal to 0, MvdLX[<0][v0][cpldx][compldx] is set equal to IMvdfcpldx][compldx]

Otherwise, MvdLX[x0][30][epldx][compldx] is set equal to IMvd[cpldx][compldx] + IMvd[0][compldx]

FIG. 32

mvd_coding( x0, v0, refList , cpldx ) { Descriptor
abs_mvd_greater0_flagjcpldx]] 0 ] ae(v)
abs mvd_greaterd flagjcpldx]{ 1 ] ae(v)
if{ abs_mvd_greater0_flagfcpldx][ 0 1)
abs_mvd_greaterl_flag{cpldx][ 0 ] ae(v)
if( abs_mvd_greater0_flagfcpldx][ 1 ])
abs_mvd_greaterl_flag[cpldx][ I ] ae(v)
if( abs mvd_greater)_flagfcpldx}[ 01) {
if( abs_mvd_greater! flagfcpldx][ 0 1)
abs_mvd minus2[cpldx]] 0] ae(v)
mvd_sign_flagfcpldx]{ 0 ] ae(v)
¥
if( abs_mvd_greaterO_flagfcpldx][ 1 }) {
ifC abs_mvd_greater]_flagfcepldx][ 11)
abs_mvd_minus2|cpldx]{ 1] ae(v)
mvd_sign_flag[cpldx]f 1 ] ae(v)
},
h

FIG. 33
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seq parameter set rhsp( ) { Descriptor
sps_temporal mvp enabled flag u(l)
ifl sps temporal mvp enabled flag)
sps_sbtmvp enabled flag u(l)
sps_amvr enabled flag u(l)
sps bdof enabled flag u(l)
sps affine amvr enabled flag u(l)
sps dmvr enabled flag u(l)
sps_cclm enabled flag u(l)
1f{ sps celm enabled flag && chroma format ide == 1)
sps_cclm colocated chroma flag u(l)
sps_mts enabled flag u(l)
i sps mts enabled flag) !
sps explicit mts intra enabled flag u(l)
sps_explicit mts _inter enabled flag u(l)
¥
S
sps sht enabled flag u(l)
1 sps sbt enabled flag)
sps sbt max size 64 flag u(l
sps affine enabled flag u(l
ifl sps affine enabled flag)
sps affine type flag u(l)
sps ghi enabled flag u(l)
sps ibe enabled flag u(l)
sps ciip_enabled flag u(l)
sps_fpel mmvd enabled flag u(l)
sps _friangle enabled flag u(l)
sps _Imcs enabled flag u(l)
sps ladf enabled flag u(l)
if ( sps ladf enabled flag) !
sps num ladf intervals minus2 u(2)
sps_ladf lowest interval qp offset se(Vv)
for(1= 0,1 <sps num ladf intervals minus2 + 1. 1++) {
sps_ladf gp offset] 1 ] se(v)
sps ladf delta threshold minusl[i |} ue(v)
;
1
sps_extension flag u(l)
i sps_extension flag )
while( more 1bsp data( ) )
sps_extension data flag u(l)
rbsp frailing bits( )
3
b

FIG. 34
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t else iff treeType 1= DUAL TREE CHROMA 3} { 7 MODE INTER or MODE IBC */
iftcu skip flagf O v0 ]==0)
merge flagl <0 {1 v0 ] ae(v)
ifl merge flagf x0 [0 1) ¢
merge data( X0, v0, cbWidth, cbHeight )
+else if ( CuPredMode[ x0 ] vO 1 == MODE IBC) ¢
mvd coding( X0, v0, 0, 0 )
mvp 10 flag] <0 ][ v0 ] ae(v)
if{ sps_amvr_enabled flag &&
(MvdLO[ <0 ][0 ][O ] 1=0 | MvdLO[ <O IvO Q[ 1] 1=
amvr _precision flag] x0 I v0 1 as(v)
1
b oelse {
i slice type == B)
inter_pred idc] x0 J[v0 ] ae(v)
if{ sps affine enabled flag && cbWidth »= 16 && cbHeight »= 16 ) {
inter_affine flag] <0 1[0 ] ae(v)
if sps affine type flag && inter affine flag] x0 {0 1)
cu_affine tvpe flag] <0 ][ v0 | ae(v)
}
/Fsym_mvd_flag] x0 ][ v0 1, ref_idx_10] x0 ][ v0 |, mvd _coding, mvp_10_flag] <0 ][ V0 ].
ref idx 1] x0 1] vO [ mvp 11 flag] x0 ]] vO |
i (sps_amvr enabled flag && inter affine flag == &&
(MvdLO[ <0 [ vO[O] =0 || MvdLO[x0 ][ VO ][ 1=0 1]
MvdLI{xO[v0][0] =0 || MwdLI[ <0 vO1[ 1] 1= )) [
( sps_affine_amvr_enabled flag && mter affine flagf x0 ][0 ] == 1 &&
( MvdCpLO{x0 [ ¥0 ][ O ] [0]11=01] MwleLO[‘{O H¥OJ[OJ[1]!1=0 |i
MvdCpLI[ %O J[vO][0][0] =0 | [ MydCpLI[ <O [0 J[O0][L]1=0 ||
MvdCpLO[xO VO [ 1]1[0] =0 || MvdCpLO[xO[vOJ[1]]1]1=0 ]|
MvdCpLI[x0|[vO][L][0] =0 ‘ P MyvdCpLI[ <O [vO {111 ]1=0 ]|
MvdCpLO[ <O Hv01[2110] =0 || MvdCpLO[ <O [~v0 {271 ]) =0 ]|
MvdCpLIf 0 Hv0 12101 =0 [ NiwdCpLI[x0 I vO 2711 1= 03¢
amvr flagf <0 ] v0 | ae(v)
i amvr flag] <0 1 v0 1)
amvr_precision_flagf <0 1] v0 ] as(v)
l
11( sps_gbi_enabled_flag && inter_pred_ide[ x0 ][ v0 ] == PRED BI &&
luma_weight 10 flag[ ref wdx 10 [x0][v0]] == 0 &&
tuma weight 11 flag] ref idx 11 [{x0 ][0 ]] == 0 &&
chroma_weight 10 flag] ref idx 10 [ x0 ][ +0 ]] =0 &&
chroma_weight 11 ﬂag[uat dx Hx0]v0]] == 0 &&
cbWidth * ¢bHeight >= 256)
obi idx| x0 ] v0 | ag(v)
;,
]

FIG. 35
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seq parameter set rbspl ) { Descriptor
sps temporal mvp enabled flag u(h)
i sps temporal mvp enabled flag)
sps sbtmvp enabled flag u(l)
sps_amvr _enabled flag u(l)
sps bdof enabled flag u(l)
sps_dmvr enabled flag u(l)
sps_cclm enabled flag u(l)
if( sps celm enabled flag && chroma format ide == 1)
sps_cclm colocated chroma flag u(l)
sps_mts enabled flag u(l)
1 sps mis enabled flag) {
sps_explicit mts_intra enabled flag u(h)
sps explicit mts inter enabled flag u(l)
1,
]
sps_sbt enabled flag u(l)
if( sps sbt enabled flag)
sps shbt max size 64 flag u(l)
sps_affine enabled flag u(h)
1 sps atfine enabled flag) §
sps affine tvpe flag u(l)
sps affine amvr enabled flag u(l)
1
S
sps ghi enabled flag u(l)
sps ibc enabled flag u(l)
sps_ciip_enabled flag u(l)
sps fpel mmvd enabled flag u(l)
sps_triangle enabled flag u(l)
sps lmes enabled flag u(l)
sps ladf enabled flag u(h)
if (sps ladf enabled flag) §
sps num ladf intervals minus2 u(2)
sps_ladf lowest interval gp offset se{v)
for(1=10.1<sps num ladf intervals minus2 + 1;i++) {
sps ladf gp offset] i ] se(V)
sps ladf delta threshold minusl|i ] ue(v)
j
;
sps_extension flag u(l)
1 sps extension tlag)
while( more rbsp data( ) )
sps_extension data flag u(ly
rbsp trailing bits()
1
A

FIG. 36
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{a)

seq parameter set rbsp() { Descriptor
sps_amvr_enabled flag u(l)
if { sps amvr enabled flag)
sps_affine amvr enabled flag u(l)
sps affine enabled flag uw(l)
if( sps_affine enabled flag)
sps_affine tvpe flag u(l)
3
i
(b)
seq parameter set thsp() { Descriptor
sps_amvr_enabled flag u(l)
sps_affine enabled flag u(l)
~\ ffi bled fl 1
i sps affine enabled flag) {
3702\\ sps affine type flag u(l)
- if ( sps amvr enabled flag)
3703/~ sps_affine_ amvr _enabled flag u(l)
i
v E
: — 4303 -

FIG. 37
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abs_mvd_greater0 flag| compldx | specities whether the absolute value of a motion vector component difference is greater than 0.

When abs_mvd_greater0_flag[ compldx | is not present, it 1s inferred to be equal to 0.

abs_mvd_greater!_flag] compldx ] specifies whether the absolute valne of a motion vector component difference is greater than 1.

abs_mvd_minus2| compldx | plus 2 specities the absolute value of a motion vector component difference.

When abs mvd minus2[ compldx ] is not present, it is inferred to be equal to ~1.

mvd_sign_flag[ compldx | specifies the sign of a motion vector component difference as follows:

Ifmvd_sign_flag[ compldx ] is equal to 0. the corresponding motion vector component difference has a positive value.

Otherwise (mvd_sign_flag] compldx | is equal to 1), the corresponding motion vector component difference has a negative
value.

When mvd_sign_flag[ compldx ] is not present. it is inferred to be equal to 0.

The motion vector difference IMvd| compldx } for compldx = 0..1 is derived as follows:

IMvd[ compldx ] = abs_mvd_greater0_flag[ compldx ] *
(abs mvd minus2| compldx}+2)* (1 -2 * mvd sign flag] compldx ]) (7-121)

The value of IMvd[ compldx ] shall be in the range of —2'% to 2! — 1, inclusive,

Depending in the value of MotionModellde] x 1] v |, motion vector differences are derived as follows:

If MotionModellde] x ][ v ] is equal to 0, the variable MvdLX[ x0 }{ v0 ][ compldx ], with X being 0 or 1, specifies the
difference between a list X vector component to be used and its prediction. The array indices x0, v0 specify the location
( x0, y0 ) of the top-left luma sample of the considered coding block relative to the top-left luma sample of the picture. The
horizental motion vector component difference s assigned compldx = 0 and the vertical motion vector component is assigned
compldx = 1.

- If reflList is equal to O, MvdLO[ x0 ][ v0 ]| compldx ] is set equal to IMvd[ compldx | for compldx =0..1.
- Otherwise (refList is equal to 1), MvdL 1] x0 }[ v0 J compldx ] is set equal to IMvd] compldx | for compldx = 0..1.

Otherwise (MotionModellde| x 1 v ] is not equal to 0), the variable MvdCpLX{ 20 I ¥0 [ cpldx [ compldx }. with X being
0 or 1, specifies the difference between a list X vector component to be used and its prediction. The array indices x0, y0
specify the location { x0, y0 ) of the top-left luma sample of the considered coding block relative to the top-left luma sample
of the picture. the array index epldx specifies the control point index. The horizontal motion vector component difference is
assigned compldx =0 and the vertical motion vector component is assigned compldx = .

- If retList 1s equal to 0, MvdCpLO[ x0 ] v0 ][ cpldx ][ compldx ] is set equal to IMvd| compldx ] for compldx = 0..1.

- Otherwise (refList is equal to 1), MvdCpL 1] x0 1 v0 ][ epldx }| compldx ] is set equal to IMvd] compldx | for
compldx = 0..1.

FIG. 39
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! elze 4
i slice type == B)
inter pred ide[ x0 ][ vO ] ae(v)
i gps affine enabled flag && cbWidth »= 16 && cbHeight»= 16 ) 4
inter affine flag[ <0 ][ v0 ] ae(v)
i sps affine type flag && mter affine flag[x0 [ v0O 1)
cu affine type flag] x0 ] vO ] ae(v)

k!

!

if{ sps_svd enabled flag && inter pred ide[ x0 ][ v0 ]==PRED BI &&
finter affine flag[x0 ][ v0] && RefldxSymL0 » -1 && RefldxSyvinl1

=1

sym_mvd_flag| <0 || v0 | ae(v)
iff inter pred 1de[x0][v0] = PRED L1)¢

i NumnRefldxActive] 0 ] 1 && fsym mvd flag] x0 ][ v0 ])
ref idx 0] =0 ][ v0 ] ae(v)

mvd coding( %0, v, 0, 0)

1 MotionMoedellde] <0 [ v0 1= G )
mvd coding( x0, v0, 0, 1)

il MotionModellde] 0 [ v0 1)
mvd coding( x0, v0, 0, 2)

mvp W flag[ <0 ][ v0 ] ae(v)

1f{ MottonhMoedellde] <0 [ vO ] == 1) !
MydCpLO[xO [ vO [[2][ 0=
MydCpLO[xO [ vO [2][1]=

T

i

telze {

MydLO[ x0T vO [ O] =

MvdLO[x0 ][ vO ][ 1]=

MydCpLO xO [ vO J[ O ][ 0]1=0

MvdCpLO| xC [vO J[O][1]=0

MvdCpLO[xO [vO [ 1][0] =

MvdCpLO[xO [ vO J[1][ 1] =

MvdCpLO[xOTvO [ 2[0] =

MydCpLO[ <0 [[vO [ 2] 1]=

0
0
g
0

FIG. 40A
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if inter pred ide[ x0 [ v0 ] (= PRED L0 §
1 NumBRefldxActive[ 17> 1 && lgvin wmvd flas] x0 [ v0 1)
ref idx 11] x0 ] vO ] ae(v)
il mvd 11 zero flag && inter pred 1def x0 ][ v0 ] == PRED BI ) {
MedLI[ =G [[vOJ[O]=0
MyvdL1[ G0 1]=0
MvdCpLI[ 0[O0 J O 0]
MvdCpLI[x0 [vO [0 ][ 1]
MvdCpL1[ =0 [vO ][ 1 ][0 ]
1]
0]
1]

MvdCpLI[ =0 [vO [ 1
MvdCpLI[ =0 [vO ][ 2]
MvdCpLI xO[vO [ 21
telge {
if( sy mvd flag[ x0 [ v0 1) §
MydLI[x0)[v0 ][ 0] =-NdLO[ x0TI v0 ][ 0]
MydLI[x0[v0 ][ 1]=-NvdLO[xGI[vG ][ 1]
i elge
mvd coding{ x0,v0, 1,0)
i MotionModellde <0 ][ v0 1= 0)
mvd coding{ x0,v0, 1, 1)
i MotionhModellde[ 0 )[ v ]= 1)
mvd codingl x0,v0, 1,2)
mvp 11 flag[ x0 || vO | ae(v)
if{ MotionModellde[ x0 [ v0 ]==1) {
MyvdCpLI[xC w0 270 1=0
MyvdCpLI[xC w0 29[ 11=0

mfpwgunyngpugn
jee) Seny fan] [an) San) Law)

1
i
1
:

! else |
MydLI[xO )[vO ][ 0]=0
MydLI[xO)[vO][1]=0
MydCpL1[x0 ][ v0 )0 ][0
MyvdCpLI[ x0][v0 O] 1
MyvdCpLI[xC w0 1[0
MyvdCpLI[ x0T w0 111
MvdCpLI[x0][v0O [ 2 ][0
MyvdCpLI[xG][v0 ) 2] 1

k]

1
mpmymwyngungn
[so] fen) fan) o] fun) Low]

( Caps_amvr enabled flag && inter affine flag[x0J[v0] == & &&

(MvdLO[x0 )[vO ][O ] =0 || MvdLO[xO [[¥O ][ 1 ]!=0 ||
MydL1[=0 )[vOJ[O] =0 || MvdLI[=0][vO [ 1 ]!=0)) |]

{sps_affine amvr enabled flag && inter affine flag[ <0 ][v0] == 1 &&

(MvdCpLO[ =<0 J[¥O J[OT[0] =0 || MvdCpLO[x0][vO][O][1]t=0 ||
MvdCpLI[ =0 ][¥C][O][0] =0 || MvdCpLI[x0][¥0 J[O]I[ 1 ]! |
MedCpLO[x0 J[vO ][ 1][0] =0 || MvdCpLO[x0O [y ][ 1 ][ L ]! [
MedCpLI[x0[vG][1][0] =0 || MvdCpLI[x0 ][O [ 1 ][ L ]! ||
MedCpLO[x0 ][¥G ][ 2][0] =0 || MvdCpLO[x0O ][¥C J[2 ][ L ]! ||
MvdCpLI x0 [v0 ) 27[0] =0 || MvdCpLI[x0[vOJ2][1] = 03)¢

fon i av i an B an

amvr flag] x0 [ v0 | ae(v)
U amvr flag x0 [ vO ] )
amyr_precision flag] x0 [ v0 ] ae(v)

FIG. 40B
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if{ cu skip flag <O 0 j==0)
general merge flagl <0 1] vO ] ae(v}
if{ oceneral merge flag] <O v 1) ¢
merge data( x0, v0, cbWidth, ¢bHeight )
telse 1f ( CuPredMode[ <0 110 1 == MODE 1BC )} {
mvd codine( <, vi), 0. 0)
mvp 10 flagf <0 ] vi ] ae(v)
f( sps_amvr _enabled flag &&
(MvdLO[ <O HvO O 1!1=0 || MvdLO[ <O JfvO Q[ 111=0)3)¢

amvr precision flagf <0 1] v0 ] ae(v}
1
!
Pelse d
i slice type == B)
inter pred idef <0 [ v0 ] ae(v)
if( sps affine enabled flag && cbWidth= 16 && cbHeight =16 )¢
inter affine flag] x0 ][ v0 ] ae(v)
if{ sps affine tvpe flag && inter affine flagf <O} vO 1)
cu affine type flag] x0 ]| vO | ae(v)

1

\
i sps_smvd enabled flag && inter pred ide[ <0 ][ v0 ] ==PRED Bl &&
inter affine flag] x0 ][ v0 ] && RefldxSymL0 -1 && RefldxSymLl >
1)

sym mvd flag| <0 }{ +v0 | ae(v)
f mter pred ide] x0][v0 ] = PRED L1){
i NumRefldxActive] 0 ] 1 && !svm mvd flag] <O vO 1)
ref idx )] <0 ] vO ] ae(v}
mvd coding( %0, v0, 0.0)
i MotionModellde] xO [ vO ]~ 0)
mvd coding( x0,v0, 0. 1)
i MotionModellde][ <0 [ v0 1> 1)
mvd coding( x0,v0, 0, 2)
myp 10 flag] x0 7] vO ] ae(v)
else {
MvdLO[ =0 [[30 ][ U | =0
MvdLO[x0 ][vO ][ 1 ]=0
}

FIG. 42A



U.S. Patent Aug. 6,2024 Sheet 34 of 46 US 12,058,358 B2

f( mter pred ide[ xO 1 v0 ] = PRED LU} {
f{ NumRefldxActive[ 1 ] 1 && !sym mvd flag] x0 [ v0 1)
ref idx 11] <0 [0 ] ae{v)
i mvd 1L zero flag && inter pred ide[x0][v0] == PRED BI) {
MvdLI[x0 VO J[0]1=0
MvdLI[xOJ[vO][1]=0
MvdCpLI[ <O [vO OO ]=0
MvdCpl 1[0 [0 1[0 1[1 1=0
MvdCpLI[ <O UvO L O ]=0
MvdCpLI[<O[vO[1I L ]=0
MydCpL1I <O UvO[2701=0
MvdCpL1[ <0 [YO [[2 ][ 1 [=0
Y oelse §
i svm mvd flag] xO [[v0 1) ¢
MvdLI[ <O Uv0 0= -MvdLO[ <0 ][ +v0 ][0 ]
MdL 1[0 [v0 ][ 1]= -MvdLO[<0 ][0 ][ | ]
} else
mvd coding( 0. v0, 1, 0)
ifl MottonModellde[ x0 v 1 >0 )
mvd coding( x0,v0, 1, 1)
ifiMotionModellde] <O JfvO | > 1)
mvd coding( X0, v0, 1, 2)
mvp Il flagl x0 ] v0 ] ae{v)

H

L else ¢
MvdLI[xO][vO][0]=0
MvdLIf<OUvO Y 11=0

?
)

FIG. 42B
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if{ cu skip Hag[ x0G[v0]==0}
general merge flagl x0 }f v0 ] as(v)
if{ general merge flagf X0 v0 1) ¢
merge data( x0. v0, cbWidth, cbHeight )
telge if { CuPredMode] x0 I vO 1 == MODE IBC)H {
mvd codine( x0,v0,0,0)
mvp 10 flag] x0 ][ v0 ] ae(v)
if{ sps_amvr_enabled flag &&
(MvdLO[xC Y vO[O11=0 || MvdLO[xO )[vO 1 1!=0))¢

amyr_precision flag! x0 {1 vO ] ag(v)
3
}else {
4301 - if( slice type == B)
inter_pred idc[ x0 ][ v0 ] as(v)
if{ sps affine enabled flag && cbWidth = 16 && cbHeight »=16) ¢
inter affine flagf x0 ][ v0 ] as(v)
if{ sps affine type flag && inter affine flacf x0 Y v0 1)
cu_affine_tvpe flagl x0 ][ v0] ae{v}

:,
if{ sps_smvd enabled flag && inter pred ide[x0 ][ ¥0 1= =PRED BI &&
linter affine flag] x0 1 v0 ] && RefldxSymL0 > -1 && RetldsSymll > ~1)
sym_myvd flag] x0 | vO ] as(v)
if inter pred ide[x0][v0 ] != PRED L1134
il NumRefldx Active] 01> 1 && lsym mvd flagf x0 Hv0 1)
ref idx W[ x0 ][ v0] as(v)
mvd coding{ X0, ¥0, 0, 0)
if{ MotionModellde[ x0 [ v0 1> 0)
mvd coding{ X0, v0, 0, 1)
if(MotionModellde] xG [[v0 ] > 1)
mvd coding( x0, v0, 0. 2)
myvp 10 _flag] x0 f v0 } as(v)
4 oelse ¢
MedLOfxOvOH0O1=0
MyvdlO[ xO [ vOf11=0

FIG. 43A
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4302
N

Vif inter pred ide[x0 Jv0 1 = PRED L0){
i NumReftldxActive[ 1 1> 1 && Isvm mvd flag] x0 [ v0 1)
ref idx 11] x0 }f vO ] as(v)
i mvd 11 zero flag && inter pred idc[x0v0 ] == PRED BI) {
MyvdLI[x0v0[0]=0
MvdLi{x0v0][1]=0
MydCpL1[x0 [ vO [0 0]=0
MydCpL1[x0OUvOJOH 1]=0
MvdCpLI[x0vO[1J0]1=0
MudCpLI[x0 [ v0O][11]=0
MyvdCpLL[x0 [ vO [[2 0] =0
MvdCpLI[x0vO[2][1]=0
1else £
if sym mvd flag] x0 ][ ¥0 1) §
MydLI[x0YvO 0 1= -MwdLO[x0 V0 ][ O ]
MydLI[x0Hvy0J11=-MvdLO[xO0[v0O ] 1]
telse
mvd coding( x0,v0. 1, 0)
it MotionModellde[ x0 U v0 1> 0)
mvd coding(x0,v0, 1, 1)
it(MotionModellde[ X0 Jfv0 13> 1 )
mvd coding( x0.v0, 1, 2)
h
myvp_ 11 flag[ x0 J[ vO ] as(v) | 4303
3 else {
MvdLI[x0][v0{0]=0
MvdLi[x0J[vO1[1]=0

|3
3

FIG. 43B
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il cu skip flag] 00 ]1==10)
general merge flagl <0 1{ v0 | ae(v)
ifl general merge flag] 0 1[0 ] )¢
merge data( X0, v0, cbWidth, chHeight )
}else if ( CuPredMode[ <0 11 v0 ] == MODE IBC){
mvd coding( %0, v0, 0, 0)
mvp 10 flag] <01 v0 ] ae(v)
if( sps_amvr_enabled flag &&
(MvdLO[xO [y O011=0 | MvdLO[<C VO 1]11=0))¢

amvr precision flag] <0 1] v | ae(v)

L
t else §

if slice tvpe == B

inter pred ide| x0 1 v0 ] as(v)
if{ sps affine enabled flag && cbWidth »= 16 && cbHeight »=16 )¢

inter affine flag| x0 }f v0 | ae(v)

ifi sps affine tvpe flag && inter affine flag[ X0 [ vO 1)

cu_affine tvpe flag| <0 |[ V0 | ae(v)

L
if( sps_smvd_enabled flag && inter_pred ide[x0 ][ ¥v0 ]==PRED Bl &&
tmter atfine flagl x0 11 v0 ] && RefldxSvinl.0 » -1 && RefldxSvmlL] »—1)
svin mvd flag| x0 | v0 ] as(v)
{ inter pred idefx0 11v0] = PRED L1}
il NumRetldxActive[ 01 » 1 && fsvm mvd flag] <0 v0 1)
ref idx 1] x0 ] vO ] ae(v)
mvd coding{ X0, v0, 0, 0)
ifl MotionModellde] x0 1 v0 10
mvd coding( x0,v0, 0, 1)
iMotionModellde] <0 {0 1> 1)
mvd coding( X0, v0, 0, 2)
mvp 10 flag] <0 1 vO ] ae(v)
L else {
MvdLO[ x0 [ {v0 0] =0
MvdLO[ xO {0 1]=0

3
)

FIG. 44A
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i inter pred 1defx0 JIv0] = PRED 1L0){

. NumRetldxActive] 111 && !Isym mvd flag] x0 [ v0 )

ref idx [ x0 [ +v0]

ae(v)

ifl mvd 1l zero flag && inter pred ide[x0][v0] == PRED BI){

MvdL1[ <0 ][0 ][ 0]=0

MyvdLI[x0 |[y0 [ L]=0

MvdCpLI x0 ][v0 JJOJJ O] =0

MvdCpLI[ X0 [[vOJfOJ[1]=0

MvdCpLI[ %0 1[v0 ][ 1 |[0]=0

MvdCpLI[ <0 ][VO][1][1]=0

]
MvdCpLI[ <0 ][ V0 ][ 2 1[0 =0
MvdCpL1[ <0 1[0 [ 2 1[1]1=0

myvp 11 flag] x0 I[ v0 |

ae(v)

} else {

ifl svm mvd flagl <0 ][v0 ]) 4

MvdL1[ x0 ][ vO [[0 = —MvdLO[ x0 ][ v0 ][ 0]

MvdL 1] %0 ][ 0 [ 1] = NMvdLo| <0 |[v0 ][ 1 ]

1 else

mvd codingl x0, v, 1, 0)

iff MotionModellde[ x0 ][ v0 1> 0)

mvd coding( x0, v0, 1, 1)

ifiMotionModellde] x0 [ vO 1> 1)

mvd coding{ x0.v0, 1. 2)

myp 11 flag| x0 1[0 |

ae(v)

i

b else §

MvdLI[ %0 [[V0][0]=0

MvdLI[x0 [30 [[1]=0

b
i

FIG. 44B
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coding unmit{ x0, v0, cbWidth, cbHeight, treeTvpe } { Descriptor
§ o MODE INTER
i cu skip Haef x0 Y v0 T3¢
if{ sps aifine enabled flag && cbWidth »= 8§ && cbHeicht »= 8 )

merge subblock flagf x0 ] v0 | ae(v)
i merge subblock flagf x0 Y v0 1 = =0 && MaxNumMergeCand - 1)
merge idx] x0 | v0 | ae(v)
i merge subblocl flae] x0 [ v0 ] == 1 && MaxNumSubblockhMereeCand > 1)
merge subblock idx[ x0 ][ v0 ] ae(v)
Lelse §
merge flag] x0 ][ v0 ] ae{v)

i merge flagl <0 +0 134
i{ sps affine enabled flag && cbWidth »=8 && cbHeisht »=§)

merge subblock flag] x0 J] v0 | ae(v)
#{ meree subblock flag[ x0 Y v0 ] ==0 && MaxNumMereeCand > 1)

merge idx[ x0 | v0 ] ac(v)
ifl merge subblock flag[ x0 I v0] == 1 && MaxNumSubblockMergeCand = 1)

merge subblock idxf x0 1] v0 ] ac(v)

else |

i shice type == B)

inter pred idc[ x0 }[ v0 ] ae(v)
i sps affine enabled flag && cbWidth = 16 && cbHeight = 16) §

inter affine flag] x0 ][ v0 ] ae(v)

i sps affine tvpe flag && inter affine flag] x0 ][ vO 1)

cu affine tvpe flag] x0 ][ v0 ] ae(v)

k

]
i mter pred idefx0 [T v0 1 != PRED L1}{
i num ref idx 10 active minugl >> )

ref idx 10] x0 ] v0 ] ae{v)
mvd codme( x0, v0, 0,0 )
if{ MotionModellde[ x0 ][ v0 ] > 0)
mvd codme( x0. v0. 0, 1)
t{MotionModellde[ x0 [[v0 1> 1)
mvd codmg( x0, v0, 0.2)
mvp 10 flag] x0 1] v0 } ae(v)
telse £
MudLO{ x0 [ vOHO]=0
MvdlLO[x0fvOf1]=0

4
i

FIG. 45A
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i mter _pred ade[ x0 [0 ] I= PRED 1.0 {
iff num ref idx 11 active minusl > Q)
ref idx 11[ =0 1] vO ] ae(v)
il mvd 11 zero flag && inter pred 1de x0  v0 ] == PRED Bl) ¢
MyvdL1[x0 ][0 ][0]=0
MyvdL1[ x0 (30 [ 1]=0
MydCpLI[xO [vO[OHO]=0
MydCpLI[ <0 v0 O 1]=0
MvdCpLI[xO[vO [ 1O]=20
MyvdCpL1[x0O[~O[11]=0
MudCpLI[xO MO 21HO0]=0
MyvdCpLI[xO O U2 1]1=0
else §
mvd codine( x0,v0, 1,0)
il MottionModellde] x0 [[v0 1> 0)
mvd codimgl x0,v0, 1, 1)
ifiMotionModellde[ <0 [0 1> 1)
mvd coding( x0,v0, 1. 2)
mvp H flag] <0 J[ vO | ae(v)
Lelse §
MvdLIIxOvOJO]=0
MyvdLI[x0OvO1]1=0

¥

3
i sps_amvr_enabled flag && mter affine flag == 0 &&
(MvdLO[x0J[v0 ][0 ]!1=0 || MwdLO[xO [0 [ 1] =0 ]
MudLI[x0v0[01!=0 || MvwdLI[x0}[yO1[1]1!=0))

amvr mode| x0 11 vO | ae(v)

oo

3
J.
]

]
if{ CuPredMode] <0 ][ v0 1 1= MODE INTRA && cu skip flag[ x01[v0] == 0
cu chf ae(v)
if{ cu cbf) {
transform tree( X0, V0, ¢cbWidth, chHeight, treeTyvpe )

e o

FIG. 45B
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merge data( X0, v0. cbWidth, ¢bHeight ) { Descriptor
if ( CuPredMode[ x0 ][ vO ] == MODE IBC }{
ifil MaxNumMergeCand > 1)

merge idx| x0 ][ vO ] ae(v)
! else {
if sps mmvd enabled flag || cbWidth * ¢cbHeight 1= 32 )
recular merge flag| =0 [ vO | ae(v)

if ( regular merge flag] x0 ][ v0]==1 )¢
ifl MaxNumMergeCand > 1 )

merge idx| x0 ][ vO ] ae(v)
}else §
if{ sps mmvd enabled flag && c¢bWidth * ¢chHeight 1= 32 )
mmvd merge flag[ x0 ][ v0 ] ae(v)

ifl mmvd merge flag] X0 ][ vO]==1){
ifl MaxNumMergeCand > 1)

mmvd cand flag[ x0 ][ vO ] ag(v)
mmvd distance idx] x0 ][ vO ] ae(v)
mmvd direction idx| x0 ][ vO ] ae(v)

1 else {
ifl MaxNumSubblockMergeCand > 0 && ¢bWidth>=8 && cbHeight >=8 )

merge subblock flag| x0 ][ vO ] ae(v)
if{ merge subblock flag X0 ][vO] == 1)

ifl MaxNumSubblockMergeCand > 1 )

merge subblock idx| x0 ][ vO ] ae(v)
3 else §

if( sps_ciip_enabled flag && cu_skip flag[ x0 ][v0] == 0 &&
( cbWidth * ¢cbHeight ) >= 64 && cbWidth <128 && cbHeight < 128 ) {

ciip flag[ x0 ][ vO ] ae(v)
if{ ciip tlag] x0 ][ v0 ] && MaxNumMergeCand > 1)
merge idx| x0 1] v0 | ag(v)

1
s

if{ MergeTriangleFlag] x0 ][ v0 ] ) §

merge triangle split dir[ x0 ]| vO ] aeg(v)
merge triangle idx0| x0 ][ vO | ae(v)
merge triangle idx1| x0 ][ v0 | ae(v)

1
s

1
S

s
s

1
s

¥
s

1
s

FIG. 47
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slice header( ) { Descriptor
I/
if ( slice type 1= 1) ¢
1f{ sps temporal mvp enabled flag)

slice_temporal mvp_enabled flag w(l)
iff slice type == B}

mvd 11 zero flag u(l)
if cabac init present flag )

cabac init flag u(l)

1if{ shice temporal mvp enabled flag ) §
i slice type == B)
collocated from 10 flag u(l)

I

5

if{ { weighted pred flag && shice type == P) ||
( weighted bipred flag && slice tvpe == B))
pred weight table( )

six_minus max_ num merge cand ue(v)
if{ sps affine enabled flag)

five minus max num subblock merge cand ue(v)
if{ sps fpel mmvd enabled flag )

slice fpel mmvd enabled flag u(l)
if{ sps triangle enabled flag && MaxNumMergeCand >= 2 )

max num merge cand minus max num triangle cand ue(v)

telse if ( sps ibc enabled flag )

six_minus max_num _merge cand ue{v)

[/

[~

FIG. 48

max_num_merge cand_minus_max_num_triangle_cand specifies the maximum number of triangular merge
mode candidates supported in the slice subtracted from MaxNumMergeCand. The maximum number of
triangular merge mode candidates, MaxNumTriangleMergeCand is derived as follows:

MaxNumTriangleMergeCand =
MaxNumMergeCand — max_num_merge_cand_minus_max_num_triangle cand (7-39)

When max_num_merge cand_minus_max_num_triangle cand is present, the value of
MaxNumTriangleMergeCand shall be i the range of 2 to MaxNumMergeCand, mclusive. When
max_num_merge_cand nunus_max_num_triangle cand is not present, MaxNumTriangleMergeCand is set equal
to 0. When MaxNumTriangleMergeCand is equal to 0, triangle merge mode is not allowed for the current slice.

FIG. 49
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stice header({ ) { Descriptor

5 OO]— 'S if{ sps triangle enabled flag && MaxNumMergeCand = 2 )
max_num merge cand minus max num triangle cand ue(v)

FIG. 50

max_num_merge cand minus max_num_triangle cand specifies the maximum number of triangular merge
mode candidates supported 1n the slice subtracted from MaxNumMergeCand. The maximum number of
triangular merge mode candidates, MaxNumTriangleMergeCand is derived as follows:

5101 ——__ MaxNumTriangleMergeCand =

MaxNumMergeCand — max_num_merge cand_minus_max_num_triangle cand (7-60)
When max_num_merge cand_minus_max_num_triangle cand is present, the value of

MaxNumTriangleMergeCand shall be in the range of 2 to MaxNumMergeCand, inclusive.
When max_num_merge cand _minus_max num_triangle cand 1s not present,

5102 — a2 i sps_trniangle enabled flag  is  equal to 1 and MaxNumMergeCand is equal to 2,
MaxNumTnangleMergeCand is set equal to 2.

5103 —_2 Otherwise {sps_triangle enalged flag 1s equal to O or MaxNumMergeCand 1s not equal to 2),
MaxNumTnangleMergeCand 1s set equal to 0.

When MaxNumTriangleMergeCand 15 equal to 0, tnangle merge mode 1s not allowed for the current slice,

FIG. 51

if{ MergeTriangleFlagl xO ][ vO 1) {
merge triangle split dir{ x0 ][ vO ] ae(v)
1ff MaxNumTnangleMergeCand > 2 ) {
merge triangle idx0| x0 [ vO | ae(v)
merge triangle idx1| x0 }[ vO ] ae(v}
Lelse {
merge triangle idx indicator| x0 || vO | ae(v}
]
}

FIG. 52
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merge_triangle idx0[ x0 }[ vO ] specifies the first merging candidate index of the triangular
shape based motion compensation candidate list where x0, y0 specify the location ( x0, v0 ) of
the top-left luma sample of the considered coding block relative to the top-left luma sample of
the picture.

When merge_triangle idx0[ x0 ][ vO ] is not present, it is inferred as follows:

A If MergeTriangleFlag] x0 |[ ¥0 ] is equal to 1, MaxNumTriangleMergeCand is equal to 2 and
merge triangle idx indicator| x0 ][ ¥0 | is equal to 1, it is inferred to be equal to 1.

A1 Otherwise, it is inferred to be equal to 0.

merge_triangle idx1[ x0 J[ vO ] specifies the second merging candidate index of the triangular
shape based motion compensation candidate list where x0, y0 specify the location ( x0, v0 ) of
the top-left luma sample of the considered coding block relative to the top-left luma sample of
the picture.

When merge_triangle idx1] x0 ][ v0 ] is not present, it is inferred to be equal to 0.

FIG. 53

if{ Merge TriangleFlag] <0 [ v0 ] ) {
merge triangle split dir| x0 [ v0 | ae(v)
merge friangle idx0[ x0 [ +v0 ] ae(v)
merge friangle idx1] <0} vO ] ae(v)
merge triangle bigger] <0 ][ vU | ae(v)

1

)}

The variables m and n, being the merge index for triangle partition 0 and 1 respectively, are derived
using merge_triangle_idxO[ xCb ][ yCb ] and merge_triangle idx1[ xCb ]{ yCb ] as follows;

If merge_triangle bigger| xCb || ¥Cb ] is equal to 0.
m = merge_triangle idx0[ xCb ][ yCb |

n=merge triangle idx1[ xCb |[vCb]+m+1
Otherwise,

n=merge_triangle idx0] xCb |[ yCh |

m = merge_triangle idx1[ xCb |[yCb]+n+1

FIG. 54
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if( MergeTriangleFlag] xO } v0 1) {
merge triangle split dir{ <0 }{ v0 | ae(v)
merge triangle idx0f <0 [ v0 ] ae(v)
if{ merge tnangle 1dxOf <O} +v0 1= 0)
merge triangle idx1{ <0 [ v0 ] ae(v)
merge triangle bigger! <0 [0 ] ae(v)
1
J

The variables m and n, being the merge index for triangle partition 0 and 1 respectively. are derived
using merge triangle idx0[ xCb }[ yCb ] and merge triangle idx1[ xCb J| yCb ] as follows:

If merge_triangle bigger] xCb ] yCb | is equal to 0,
m =merge_triangle_idx0] xCb ][ yCb ]+ 1
n=merge_triangle idxi[ xCb ] ¥Cb ]

Otherwise,

n=merge_triangle idx0] xCb |J ¥Cb ]+ 1

m =merge_triangle idx1] xCb ]{ yCb ]

FIG. 55
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VIDEO SIGNAL PROCESSING METHOD
AND APPARATUS USING ADAPTIVE
MOTION VECTOR RESOLUTION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of pending PCT Inter-
national Application No. PCT/KR2020/005830, which was
filed on May 4, 2020, and which claims priority under 35
U.S.C. 119(a) to Korean Patent Application No. 10-2019-
0050960 filed with the Korean Intellectual Property Office
on Apr. 30, 2019, Korean Patent Application No. 10-2019-
0057185 filed with the Korean Intellectual Property Office
on May 15, 2019, and Korean Patent Application No.
10-2019-0057650 filed with the Korean Intellectual Prop-
erty Office on May 17, 2019. The disclosures of the above
patent applications are incorporated herein by reference in
their entirety.

TECHNICAL FIELD

The present disclosure relates to a method and an appa-
ratus for processing a video signal and, more particularly, to
a video signal processing method and apparatus for encod-
ing and decoding a video signal.

BACKGROUND ART

Compression coding refers to a series of signal processing
techniques for transmitting digitized information through a
communication line or storing information in a form suitable
for a storage medium. An object of compression encoding
includes objects such as voice, video, and text, and in
particular, a technique for performing compression encoding
on an image is referred to as video compression. Compres-
sion coding for a video signal is performed by removing
excess information in consideration of spatial correlation,
temporal correlation, and stochastic correlation. However,
with the recent development of various media and data
transmission media, a more efficient video signal processing
method and apparatus are required.

DISCLOSURE OF THE INVENTION
Technical Problem

An object of the present disclosure is to increase coding
efficiency of a video signal.

Technical Solution

A method for processing a video signal according to an
embodiment of the present disclosure comprise the steps of
parsing, from a bitstream, an adaptive motion vector reso-
Iution (AMVR) enabled flag sps_amvr_enabled_flag indi-
cating whether or not adaptive motion vector differential
resolution is used, parsing, from the bitstream, an affine
enabled flag sps_affine_enabled_flag indicating whether or
not affine motion compensation is usable, on the basis of the
affine enabled flag sps_affine_enabled_flag, determining
whether or not the affine motion compensation is usable,
when the affine motion compensation is usable, determining,
on the basis of the AMVR enabled flag sps_amvr_enabled_
flag, whether or not the adaptive motion vector differential
resolution is used, and when the adaptive motion vector
differential resolution is used, parsing, from the bitstream, an
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2

affine AMVR enabled flag sps_affine_amvr_enabled flag
indicating whether or not the adaptive motion vector differ-
ential resolution is usable for the affine motion compensa-
tion.

In the method for processing a video signal according to
an embodiment of the present disclosure, one of the AMVR
enable flag sps_amvr_enabled_flag, the affine enabled flag
sps_affine_enabled_flag, or the affine AMVR enabled flag
sps_affine_amvr_enabled_flag is signaled as one of a coding
tree unit, a slice, a tile, a tile group, a picture, or a sequence
unit.

In the method for processing a video signal according to
an embodiment of the present disclosure, when the affine
motion compensation is usable and the adaptive motion
vector differential resolution is not used, the affine AMVR
enabled flag sps_affine_amvr_enabled_flag infers that adap-
tive motion vector differential resolution is not usable for the
affine motion compensation.

In the method for processing a video signal according to
an embodiment of the present disclosure, when the affine
motion compensation is not usable, the affine AMVR
enabled flag sps_affine_amvr_enabled_flag infers that adap-
tive motion vector differential resolution is not usable for the
affine motion compensation.

The method for processing a video signal according to an
embodiment of the present disclosure further comprises,
when the AMVR enabled flag sps_amvr_enabled_flag indi-
cates the use of adaptive motion vector differential resolu-
tion, an inter affine flag inter_affine_flag obtained from the
bitstream indicates that the affine motion compensation is
not used for a current block, and at least one of a plurality
of motion vector differences for the current block is non-
zero, and parsing information about resolution of the motion
vector difference from the bitstream, and modifying the
plurality of motion vector differences for the current block
on the basis of information about the resolution of the
motion vector difference.

The method for processing a video signal according to an
embodiment of the present disclosure further comprises,
when the affine AMVR enabled flag indicates that the
adaptive motion vector differential resolution is usable for
the affine motion compensation, an inter affine flag inter_
affine_flag obtained from the bitstream indicates the use of
affine motion compensation for a current block, and at least
one of a plurality of control point motion vector differences
for the current block is non-zero, parsing information about
resolution of the motion vector difference from the bit-
stream, and modifying the plurality of control point motion
vector differences for the current block on the basis of
information about the resolution of the motion vector dif-
ference.

The method for processing a video signal according to an
embodiment of the present disclosure further comprises,
obtaining information inter_pred_idc about a reference pic-
ture list for a current block, when the information inter_pre-
d_idc about the reference picture list indicates that only the
zeroth reference picture list is not used, parsing a motion
vector predictor index mvp_11_flag of a first reference
picture list from the bitstream, generating motion vector
predictor candidates, obtaining a motion vector predictor
from the motion vector predictor candidates on the basis of
the motion vector predictor index, and predicting the current
block on the basis of the motion vector predictor.

The method for processing a video signal according to an
embodiment of the present disclosure further comprises,
obtaining, from the bitstream, a motion vector difference
zero flag mvd_11_zero_flag indicating whether or not a
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motion vector difference and a plurality of control point
motion vector differences are set to zero for the first refer-
ence picture list, in which the step of parsing the motion
vector predictor index mvp_11_flag includes, the motion
vector difference zero flag mvd_11_zero_flag is 1 and
regardless of whether or not the information inter_pred_idc
about the reference picture list indicates that both the zeroth
reference picture list and the first reference picture list are
used, parsing the motion vector predictor index
mvp_11_flag.

A method for processing a video signal according to an
embodiment of the present disclosure the steps of parsing,
from a bitstream, first information six_minus_max_num_
merge_cand related to a maximum number of candidates for
merge motion vector prediction in units of sequences,
obtaining a maximum number of merge candidates on the
basis of the first information, parsing, from the bitstream,
second information indicating whether or not a block is
partitioned for inter prediction, and, when the second infor-
mation indicates 1 and the maximum number of merge
candidates is greater than 2, parsing, from the bitstream,
third information related to the maximum number of merge
mode candidates for the partitioned block.

The method for processing a video signal according to an
embodiment of the present disclosure further comprises,
when the second information indicates 1 and the maximum
number of merge candidates is greater than or equal to 3,
obtaining a maximum number of merge mode candidates for
the partitioned block by subtracting the third information
from the maximum number of merge candidates, when the
second information indicates 1 and the maximum number of
merge candidates is 2, setting the maximum number of
merge mode candidates for the partitioned block to 2, and,
when the second information is 0 or the maximum number
of merge candidates is 1, setting the maximum number of
merge mode candidates for the partitioned block to 0.

An apparatus for processing a video signal according to
an embodiment of the present disclosure comprises a pro-
cessor and a memory, in which, on the basis of instructions
stored in the memory, the processor parses, from a bitstream,
an adaptive motion vector resolution (AMVR) enabled flag
sps_amvr_enabled_flag indicating whether or not adaptive
motion vector differential resolution is used, parses, from the
bitstream, an affine enabled flag sps_affine_enabled flag
indicating whether or not affine motion compensation is
usable, on the basis of the affine enabled flag sps_affine_en-
abled_flag, determines whether or not the affine motion
compensation is usable, when the affine motion compensa-
tion is usable, determines, on the basis of the AMVR enabled
flag sps_amvr_enabled_flag, whether or not the adaptive
motion vector differential resolution is used, and, when the
adaptive motion vector differential resolution is used, parses,
from the bitstream, an affine AMVR enabled flag
sps_affine_amvr_enabled flag indicating whether or not the
adaptive motion vector differential resolution is usable for
the affine motion compensation.

In the apparatus for processing a video signal according to
an embodiment of the present disclosure, one of the AMVR
enable flag sps_amvr_enabled_flag, the affine enabled flag
sps_affine_enabled_flag, or the affine AMVR enabled flag
sps_affine_amvr_enabled_flag is signaled as one of a coding
tree unit, a slice, a tile, a tile group, a picture, or a sequence
unit.

In the apparatus for processing a video signal according to
an embodiment of the present disclosure, when the affine
motion compensation is usable and the adaptive motion
vector differential resolution is not used, the affine AMVR

10

20

30

35

40

45

55

4

enabled flag sps_affine_amvr_enabled_flag infers that adap-
tive motion vector differential resolution is not usable for the
affine motion compensation.

In the apparatus for processing a video signal according to
an embodiment of the present disclosure, when the affine
motion compensation is not usable, the affine AMVR
enabled flag sps_affine_amvr_enabled_flag infers that adap-
tive motion vector differential resolution is not usable for the
affine motion compensation.

In the apparatus for processing a video signal according to
an embodiment of the present disclosure, on the basis of
instructions stored in the memory, the processor, when the
AMVR enabled flag sps_amvr_enabled_flag indicates the
use of adaptive motion vector differential resolution, an inter
affine flag inter_affine_flag obtained from the bitstream
indicates that the affine motion compensation is not used for
a current block, and at least one of a plurality of motion
vector differences for the current block is non-zero, parses
information about resolution of the motion vector difference
from the bitstream, and modifies the plurality of motion
vector differences for the current block on the basis of
information about the resolution of the motion vector dif-
ference.

In the apparatus for processing a video signal according to
an embodiment of the present disclosure, on the basis of
instructions stored in the memory, the processor, when the
affine AMVR enabled flag indicates that the adaptive motion
vector differential resolution is usable for the affine motion
compensation, an inter affine flag inter_affine_flag obtained
from the bitstream indicates the use of affine motion com-
pensation for a current block, and at least one of a plurality
of control point motion vector differences for the current
block is non-zero, parses information about resolution of the
motion vector difference from the bitstream, and modifies
the plurality of control point motion vector differences for
the current block on the basis of information about the
resolution of the motion vector difference.

In the apparatus for processing a video signal according to
an embodiment of the present disclosure, on the basis of
instructions stored in the memory, the processor obtains
information inter_pred_idc about a reference picture list for
a current block, when the information inter_pred_idc about
the reference picture list indicates that only the zeroth
reference picture list list O is not used, parses a motion vector
predictor index mvp_11_flag of a first reference picture list
list 1 from the bitstream, generates motion vector predictor
candidates, obtains a motion vector predictor from the
motion vector predictor candidates on the basis of the
motion vector predictor index, and predicts the current block
on the basis of the motion vector predictor.

In the apparatus for processing a video signal according to
an embodiment of the present disclosure, on the basis of
instructions stored in the memory, the processor obtains,
from the bitstream, a motion vector difference zero flag
mvd_11_zero_flag indicating whether or not a motion vector
difference and a plurality of control point motion vector
differences are set to zero for the first reference picture list,
and the motion vector difference zero flag
mvd_11_zero_flag is 1 and regardless of whether or not the
information inter_pred_idc about the reference picture list
indicates that both the zeroth reference picture list and the
first reference picture list are used, parses the motion vector
predictor index mvp_11_flag.

An apparatus for processing a video signal according to
an embodiment of the present disclosure comprises a pro-
cessor and a memory, in which, on the basis of instructions
stored in the memory, the processor parses, from a bitstream,
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first information six_minus_max_num_merge_cand related
to a maximum number of candidates for merge motion
vector prediction in units of sequences, obtains a maximum
number of merge candidates on the basis of the first infor-
mation, parses, from the bitstream, second information
indicating whether or not a block is partitioned for inter
prediction, and, when the second information indicates 1 and
the maximum number of merge candidates is greater than 2,
parses, from the bitstream, third information related to the
maximum number of merge mode candidates for the parti-
tioned block.

In the apparatus for processing a video signal according to
an embodiment of the present disclosure, on the basis of
instructions stored in the memory, the processor, when the
second information indicates 1 and the maximum number of
merge candidates is greater than or equal to 3, obtains a
maximum number of merge mode candidates for the parti-
tioned block by subtracting the third information from the
maximum number of merge candidates, when the second
information indicates 1 and the maximum number of merge
candidates is 2, sets the maximum number of merge mode
candidates for the partitioned block to 2, and, when the
second information is O or the maximum number of merge
candidates is 1, sets the maximum number of merge mode
candidates for the partitioned block to 0.

A method for processing a video signal according to an
embodiment of the present disclosure comprises the steps of
generating an adaptive motion vector resolution (AMVR)
enabled flag sps_amvr_enabled_flag indicating whether or
not adaptive motion vector differential resolution is used,
generating an affine enabled flag sps_affine_enabled_flag
indicating whether or not affine motion compensation is
usable; on the basis of the affine enabled flag sps_affine_en-
abled_flag, determining whether or not the affine motion
compensation is usable, when the affine motion compensa-
tion is usable, determining, on the basis of the AMVR
enabled flag sps_amvr_enabled_flag, whether or not the
adaptive motion vector differential resolution is used, when
the adaptive motion vector differential resolution is used,
generating an  affne AMVR enabled flag
sps_affine_amvr_enabled flag indicating whether or not the
adaptive motion vector differential resolution is usable for
the affine motion compensation, and generating a bitstream
by performing entropy coding the AMVR enabled flag
sps_amvr_enabled_flag, the affine enabled flag
sps_affine_enabled_flag, and the AMVR enabled flag
sps_amvr_enabled_flag.

The method for processing a video signal according to an
embodiment of the present disclosure further comprises
generating, on the basis of a maximum number of merge
candidates, first information six_minus_max_num_merge_
cand related to a maximum number of candidates for merge
motion vector prediction, generating second information
indicating whether or not a block is able to be partitioned for
inter prediction, when the second information indicates 1
and the maximum number of merge candidates is greater
than 2, generating third information related to a maximum
number of merge mode candidates for a partitioned block,
and performing entropy coding the first information six_mi-
nus_max_num_merge_cand, the second information, and
the third information to generate a bitstream in units of
sequences.

Advantageous Effects

According to an embodiment of the present disclosure,
coding efficiency of a video signal can be increased.
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6
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic block diagram of a video signal
encoder apparatus according to an embodiment of the pres-
ent disclosure.

FIG. 2 is a schematic block diagram of a video signal
decoder apparatus according to an embodiment of the pres-
ent disclosure.

FIG. 3 is a diagram illustrating an embodiment of the
present disclosure for splitting a coding unit.

FIG. 4 is a diagram illustrating an embodiment of a
method for hierarchically representing a split structure of
FIG. 3.

FIG. 5 is a diagram illustrating a further embodiment of
the present disclosure for splitting the coding unit.

FIG. 6 is a diagram illustrating a method of obtaining a
reference pixel for intra prediction.

FIG. 7 is a diagram illustrating an embodiment of pre-
diction modes used for intra prediction.

FIG. 8 is a diagram illustrating inter prediction according
to an embodiment of the present disclosure.

FIG. 9 is a diagram illustrating a method of signaling a
motion vector according to an embodiment of the present
disclosure.

FIG. 10 is a diagram illustrating motion vector difference
syntax according to an embodiment of the present disclo-
sure.

FIG. 11 is a diagram illustrating signaling of adaptive
motion vector resolution according to an embodiment of the
present disclosure.

FIG. 12 is a diagram illustrating signaling of adaptive
motion vector resolution according to an embodiment of the
present disclosure

FIG. 13 is a diagram illustrating signaling of adaptive
motion vector resolution according to an embodiment of the
present disclosure.

FIG. 14 is a diagram illustrating signaling of adaptive
motion vector resolution according to an embodiment of the
present disclosure.

FIG. 15 is a diagram illustrating signaling of adaptive
motion vector resolution according to an embodiment of the
present disclosure.

FIG. 16 is a diagram illustrating signaling of adaptive
motion vector resolution according to an embodiment of the
present disclosure.

FIG. 17 is a diagram illustrating affine motion prediction
according to an embodiment of the present disclosure.

FIG. 18 is a diagram illustrating affine motion prediction
according to an embodiment of the present disclosure.

FIG. 19 is an expression illustrating a motion vector field
according to an embodiment of the present disclosure.

FIG. 20 is a diagram illustrating affine motion prediction
according to an embodiment of the present disclosure.

FIG. 21 is an expression illustrating a motion vector field
according to an embodiment of the present disclosure.

FIG. 22 is a diagram illustrating affine motion prediction
according to an embodiment of the present disclosure.

FIG. 23 is a diagram illustrating one mode of affine
motion prediction according to an embodiment of the pres-
ent disclosure.

FIG. 24 is a diagram illustrating one mode of affine
motion prediction according to an embodiment of the pres-
ent disclosure.

FIG. 25 is a diagram illustrating affine motion predictor
derivation according to an embodiment of the present dis-
closure.
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FIG. 26 is a diagram illustrating affine motion predictor
derivation according to an embodiment of the present dis-
closure.

FIG. 27 is a diagram illustrating affine motion predictor
derivation according to an embodiment of the present dis-
closure.

FIG. 28 is a diagram illustrating affine motion predictor
derivation according to an embodiment of the present dis-
closure.

FIG. 29 is a diagram illustrating a method of generating
a control point motion vector according to an embodiment of
the present disclosure.

FIG. 30 is a diagram illustrating a method of determining
a motion vector difference through the method described
with reference to FIG. 29.

FIG. 31 is a diagram illustrating a method of generating
a control point motion vector according to an embodiment of
the present disclosure.

FIG. 32 is a diagram illustrating a method of determining
a motion vector difference through the method described
with reference to FIG. 31.

FIG. 33 is a diagram illustrating motion vector difference
syntax according to an embodiment of the present disclo-
sure.

FIG. 34 is a diagram illustrating a higher level signaling
structure according to an embodiment of the present disclo-
sure.

FIG. 35 is a diagram illustrating a coding unit syntax
structure according to an embodiment of the present disclo-
sure.

FIG. 36 is a diagram illustrating a higher level signaling
structure according to an embodiment of the present disclo-
sure.

FIG. 37 is a diagram illustrating a higher level signaling
structure according to an embodiment of the present disclo-
sure.

FIG. 38 is a diagram illustrating a coding unit syntax
structure according to an embodiment of the present disclo-
sure.

FIG. 39 is a diagram illustrating MVD default value
setting according to an embodiment of the present disclosure

FIG. 40A and FIG. 40B illustrate MVD default setting
according to an embodiment of the present disclosure.

FIG. 41 is a diagram illustrating an AMVR-related syntax
structure according to an embodiment of the present disclo-
sure.

FIG. 42A and FIG. 42B illustrate an inter prediction-
related syntax structure according to an embodiment of the
present disclosure.

FIG. 43A and FIG. 43B illustrate an inter prediction-
related syntax structure according to an embodiment of the
present disclosure.

FIG. 44A and FIG. 44B illustrate an inter prediction-
related syntax structure according to an embodiment of the
present disclosure.

FIG. 45A and FIG. 45B illustrate an inter prediction-
related syntax according to an embodiment of the present
invention.

FIG. 46 is a diagram illustrating triangle partitioning
mode according to an embodiment of the present invention.

FIG. 47 is a diagram illustrating merge data syntax
according to an embodiment of the present invention.

FIG. 48 is a diagram illustrating higher level signaling
according to an embodiment of the present invention.

FIG. 49 is a diagram illustrating a maximum number of
candidates used in TPM according to an embodiment of the
present invention.
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FIG. 50 is a diagram illustrating higher level signaling
related to the TPM according to an embodiment of the
present invention.

FIG. 51 is a diagram illustrating a maximum number of
candidates used in the TPM according to an embodiment of
the present invention.

FIG. 52 is a diagram TPM-related syntax elements
according to an embodiment of the present invention.

FIG. 53 is a diagram illustrating signaling of a TPM
candidate index according to an embodiment of the present
invention.

FIG. 54 is a diagram illustrating signaling of a TPM
candidate index according to an embodiment of the present
invention.

FIG. 55 is a diagram illustrating signaling of a TPM
candidate index according to an embodiment of the present
invention.

MODE FOR CARRYING OUT THE INVENTION

Terms used in this specification may be currently widely
used general terms in consideration of functions in the
present invention but may vary according to the intents of
those skilled in the art, customs, or the advent of new
technology. Additionally, in certain cases, there may be
terms the applicant selects arbitrarily and, in this case, their
meanings are described in a corresponding description part
of the present invention. Accordingly, terms used in this
specification should be interpreted based on the substantial
meanings of the terms and contents over the whole speci-
fication.

In the present disclosure, the following terms may be
interpreted based on the following criteria, and even terms
not described may be interpreted according to the following
purpose. Coding may be interpreted as encoding or decoding
in some cases, information is a term including all of values,
parameters, coeflicients, elements, etc. and the meaning
thereof may be interpreted differently in some cases, and
thus, the present disclosure is not limited thereto. ‘Unit’ is
used to refer to a basic unit of image (picture) processing or
a specific position of a picture, and may be used interchange-
ably with terms such as ‘block’, ‘partition’ or ‘region’ in
some cases. Also, in the present specification, a unit may be
used as a concept including all of a coding unit, a prediction
unit, and a transformation unit.

FIG. 1 is a schematic block diagram of a video signal
encoding apparatus according to an embodiment of the
present disclosure. Referring to FIG. 1, an encoding appa-
ratus 100 of the present disclosure largely includes a trans-
formation unit 110, a quantization unit 115, an inverse
quantization unit 120, an inverse transformation unit 125, a
filtering unit 130, and a prediction unit 150, and an entropy
coding unit 160.

The transformation unit 110 obtains a transform coefli-
cient value by transforming a pixel value of a received video
signal. For example, a discrete cosine transform (DCT) or a
wavelet transform can be used. In particular, in the discrete
cosine transform, the transform is performed by dividing an
input picture signal into blocks of a predetermined size. In
the transform, coding efficiency can vary according to
distribution and characteristics of values in a transform
region.

The quantization unit 115 quantizes the transform coef-
ficient value output from the transformation unit 110. The
inverse quantization unit 120 dequantizes the transform



US 12,058,358 B2

9

coeflicient value, and the inverse transformation unit 125
reconstructs an original pixel value using the dequantized
transform coefficient value.

The filtering unit 130 performs a filtering computation for
improving quality of a reconstructed picture. For example, a
deblocking filter and an adaptive loop filter can be included.
The filtered picture is output or stored in a decoded picture
buffer 156 to be used as a reference picture.

In order to improve coding efficiency, a picture signal is
not coded as it is, but a method of predicting a picture via
the prediction unit 150 by using a region that has been
already coded, and adding, to the predicted picture, a
residual value between an original picture and the predicted
picture, thereby obtaining a reconstructed picture, is used.
The intra prediction unit 152 performs intra prediction
within a current picture, and the inter prediction unit 154
predicts the current picture by using a reference picture
stored in the decoding picture buffer 156. The intra predic-
tion unit 152 performs intra prediction from reconstructed
regions in the current picture, and transfers intra coding
information to the entropy coding unit 160. The inter pre-
diction unit 154 may include a motion estimation unit 154a
and a motion compensation unit 1545. The motion estima-
tion unit 154a obtains a motion vector value of the current
region by referring to a specific reconstructed region. The
motion estimation unit 154a transfers location information
(reference frame, motion vector, etc.) of the reference region
to the entropy coding unit 160 so as to enable the location
information to be included in a bitstream. The motion
compensation unit 1545 performs inter motion compensa-
tion by using the motion vector value transferred from the
motion estimation unit 154a.

The entropy coding unit 160 performs entropy coding on
the quantized transform coefficient, inter coding informa-
tion, intra coding information, and reference region infor-
mation input from the inter prediction unit 154 to generate
a video signal bitstream. Here, in the entropy coding unit
160, a variable length coding (VLC) scheme, arithmetic
coding, etc. can be used. The variable length coding (VLC)
scheme transforms input symbols into consecutive code-
words, and the length of the codewords can be variable. For
example, symbols that occur frequently are expressed as
short codewords and symbols that do not occur frequently
are expressed as long codewords. As the variable length
coding scheme, a context-based adaptive variable length
coding (CAVLC) scheme can be used. Arithmetic coding
transforms consecutive data symbols into one prime number,
and an optimal fractional bit required to represent each
symbol can be obtained in the arithmetic coding. A context-
based adaptive binary arithmetic code (CABAC) can be
used as the arithmetic coding.

The generated bitstream is encapsulated using a network
abstraction layer (NAL) unit as a basic unit. The NAL unit
includes a coded slice segment, and the slice segment
consists of an integer number of coding tree units. In order
to decode the bitstream in the video decoder, the bitstream
should be separated into NAL units first, and then each
separated NAL unit should be decoded.

FIG. 2 is a schematic block diagram of a video signal
decoding apparatus 200 according to an embodiment of the
present disclosure. Referring to FIG. 2, the decoding appa-
ratus 200 of the present disclosure includes an entropy
decoding unit 210, an inverse quantization unit 220, an
inverse transformation unit 225, a filtering unit 230, and a
prediction unit 250.

The entropy decoding unit 210 performs entropy decod-
ing on the video signal bitstream to extract a transform
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coeflicient and motion information for each region. The
inverse quantization unit 220 dequantizes the entropy-de-
coded transform coefficient, and the inverse transformation
unit 225 reconstructs the original pixel value by using the
dequantized transform coefficient.

Meanwhile, the filtering unit 230 improves picture quality
by performing filtering on the picture. In this filtering unit,
a deblocking filter for reducing block distortion and/or an
adaptive loop filter for removing distortion from the entire
picture can be included. The filtered picture is output or
stored in a decoded picture buffer 256 to be used as a
reference picture for the next frame.

Also, the prediction unit 250 of the present disclosure
includes an intra prediction unit 252 and an inter prediction
unit 254, and reconstructs the prediction picture using an
encoding type, the transform coefficient for each region,
motion information, etc. decoded through the entropy
decoding unit 210 described above.

In this regard, the intra prediction unit 252 performs intra
prediction from a decoded sample in the current picture. The
inter prediction unit 254 generates a prediction picture by
using the reference picture stored in the decoded picture
buffer 256 and motion information. The inter prediction unit
254 can be configured to include a motion estimation unit
254a and a motion compensation unit 2545 again. The
motion estimation unit 2544 obtains a motion vector indi-
cating a positional relationship between the current block
and a reference block of a reference picture used for coding,
and transmits the obtained motion vector to the motion
compensation unit 2545.

The predictor output from the intra prediction unit 252 or
the inter prediction unit 254 and the pixel value output from
the inverse transformation unit 225 are added to generate a
reconstructed video frame.

Hereinafter, in the operation of the encoding apparatus
100 and the decoding apparatus 200, a method of splitting a
coding unit and a prediction unit with reference to FIGS. 3
to 5 will be described.

The coding unit means a basic unit for processing a
picture in the process of processing the video signal
described above, for example, in the process of intra/inter
prediction, transform, quantization, and/or entropy coding.
A size of the coding unit used to code one picture may not
be constant. A coding unit can have a rectangular shape, and
one coding unit can be split into several coding units.

FIG. 3 illustrates an embodiment of the present disclosure
for splitting a coding unit. For example, one coding unit
having a size of 2Nx2N can be split into four coding units
having a size of NxN again. The splitting of such a coding
unit can be made recursively, and not all coding units need
to be split in the same form. However, for convenience in
coding and the process of processing, there may be restric-
tions on the size of the maximum coding unit and/or the size
of the minimum coding unit.

With respect to one coding unit, information indicating
whether or not the corresponding coding unit is split can be
stored. FIG. 4 illustrates an embodiment of a method of
hierarchically representing a split structure of the coding
unit illustrated in FIG. 3 using a flag value. A value of 1’ can
be allocated to information when the unit is split, and a value
of ‘0’ can be allocated thereto when the unit is not split. As
illustrated in FIG. 4, if the flag value indicating whether or
not to split is 1, the coding unit corresponding to the
corresponding node is again divided into 4 coding units. If
the flag value is 0, the coding unit is no longer divided and
a processing process for the coding unit can be performed.
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The structure of the coding unit described above can be
represented using a recursive tree structure. That is, a coding
unit split into other coding units with one picture or maxi-
mum size coding unit as a root has as many child nodes as
the number of split coding units. Therefore, a coding unit
that is no longer split becomes a leaf node. Assuming that
only square splitting is possible for one coding unit, since
one coding unit can be split into a maximum of four other
coding units, a tree representing the coding unit can be in the
form of a quad tree.

In the encoder, an optimal size of a coding unit is selected
according to a characteristic (e.g., resolution) of a video
picture or in consideration of coding efficiency, and infor-
mation about the optimal size of the coding unit or infor-
mation with which the optimal size of the coding unit can be
derived can be included in the bitstream. For example, the
size of the largest coding unit and the maximum depth of the
tree can be defined. In the case of performing square
splitting, since the height and width of a coding unit are half
of the height and width of a coding unit of a parent node, the
minimum coding unit size can be obtained by using the
above information. Or, conversely, the minimum coding unit
size and the maximum depth of the tree can be predefined
and used, and the size of the maximum coding unit can be
derived and used by using the minimum coding unit size and
the maximum depth of the tree. Since a size of a unit is
changed in a multiple of 2 in square splitting, an actual size
of the coding unit is expressed as a logarithmic value with
a base of 2 to increase transmission efficiency.

The decoder can obtain information indicating whether or
not the current coding unit is split. If such information is
obtained (transmitted) only under a specific condition, effi-
ciency can be increased. For example, since the condition
that the current coding unit can be split is a case where a size
of a unit obtained by adding the current coding unit size at
the current position is smaller than the size of the picture and
the current unit size is larger than the preset minimum
coding unit size, information indicating whether or not the
current coding unit is split can be obtained only in this case.

If the above information indicates that the coding unit is
split, the size of the coding unit to be split becomes half of
the current coding unit, and is split into four square coding
units on the basis of the current processing position. The
above processing can be repeated for each of the divided
coding units.

FIG. 5 illustrates a further embodiment of the present
disclosure for splitting the coding unit. According to the
further embodiment of the present disclosure, the quad
tree-shaped coding unit described above can be further split
into a binary tree structure of horizontal splitting or vertical
splitting. That is, square quad-tree splitting can be applied to
the root coding unit first, and rectangular binary tree splitting
can be additionally applied at the leaf nodes of the quad tree.
According to an embodiment, the binary tree splitting may
be a symmetrical horizontal splitting or a symmetrical
vertical splitting, but the present disclosure is not limited
thereto.

In each split node of the binary tree, a flag indicating a
split type (i.e., horizontal splitting or vertical splitting) can
be additionally signaled. According to an embodiment, when
the value of the flag is ‘0’, horizontal splitting can be
instructed, and when the value of the flag is ‘1°, vertical
splitting can be instructed.

However, the method of splitting the coding unit in the
embodiment of the present disclosure is not limited to the
methods described above and asymmetric horizontal/verti-
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cal splitting, a triple tree split into three rectangular coding
units, etc. may be applied thereto.

Picture prediction (motion compensation) for coding is
performed on a coding unit that is no longer divided (i.e., a
leaf node of a coding unit tree). A basic unit for performing
such prediction is hereinafter called a prediction unit or a
prediction block.

Hereinafter, the term “unit” used in this specification may
be used as a term replacing the prediction unit, which is a
basic unit for performing prediction. However, the present
disclosure is not limited thereto, and more broadly, the term
may be understood as a concept including the coding unit.

In order to reconstruct the current unit on which decoding
is performed, the current picture including the current unit or
the decoded portion of other pictures can be used. A picture
(slice) for which only the current picture is used for recon-
struction, that is, for which only intra prediction is per-
formed, is called an intra picture or an I picture (slice), and
a picture (slice) for which both intra prediction and inter
prediction can be performed for reconstruction is called an
inter picture (slice). A picture (slice), which uses at most one
motion vector and reference index to predict each unit,
among inter pictures (slice) is called a predictive picture or
a P picture (slice), and a picture (slice), which uses a
maximum of two motion vectors and reference indices to
predict each unit, among inter pictures (slice) is called a
bi-predictive picture or a B picture (slice).

The intra prediction unit performs intra prediction for
predicting a pixel value of a target unit from reconstructed
regions in the current picture. For example, the pixel value
of the current unit can be predicted from the reconstructed
pixels of units located on the left and/or top centering on the
current unit. In this case, the units located to the left of the
current unit may include a left unit adjacent to the current
unit, a top-left unit, and a bottom-left unit. Also, the units
located at the top of the current unit may include a top unit
adjacent to the current unit, a top-left unit, and a top-right
unit.

Meanwhile, the inter prediction unit performs inter pre-
diction for predicting the pixel value of the target unit by
using information about other reconstructed pictures other
than the current picture. In this case, a picture used for
prediction is called a reference picture. Which reference
region is to be used to predict the current unit in the inter
prediction process can be indicated using an index indicating
a reference picture including the corresponding reference
region, motion vector information, etc.

Inter prediction may include LO prediction, .1 prediction,
and bi-prediction. LO prediction means prediction using one
reference picture included in LO (zeroth reference picture
list), and L1 prediction means prediction using one reference
picture included in L1 (first reference picture list). To this
end, one set of motion information (e.g., a motion vector and
a reference picture index) may be required. In the bi-
prediction method, a maximum of two reference regions can
be used, and the two reference regions may exist in the same
reference picture or in different pictures, respectively. That
is, in the bi-prediction method, a maximum of two sets of
motion information (e.g., a motion vector and a reference
picture index) can be used, and the two motion vectors may
correspond to the same reference picture index or different
reference picture indices. In this case, the reference pictures
can be displayed (or output) both before and after the current
picture in terms of time.

A reference unit of the current unit can be obtained using
the motion vector and the reference picture index. The
reference unit exists in the reference picture having the
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reference picture index. Also, a pixel value of a unit speci-
fied by the motion vector or an interpolated value can be
used as a predictor of the current unit. For motion prediction
with pixel accuracy in units of sub-pels, for example, an
8-tap interpolation filter can be used for a luminance signal
and a 4-tap interpolation filter can be used for a chrominance
signal. However, the interpolation filter for motion predic-
tion in units of subpels is not limited thereto. As described
above, motion compensation for predicting a texture of the
current unit from a previously decoded picture is performed
using the motion information.

Hereinafter, an intra prediction method according to an
embodiment of the present disclosure will be described in
more detail with reference to FIGS. 6 and 7. As described
above, the intra prediction unit predicts the pixel value of the
current unit by using adjacent pixels located on the left
and/or top of the current unit as reference pixels.

As illustrated in FIG. 6, when the size of the current unit
is NxN, the reference pixels can be set using a maximum of
(4N+1) adjacent pixels located on the left and/or top of the
current unit. When at least some adjacent pixels to be used
as the reference pixels have not yet been reconstructed, the
intra prediction unit may obtain the reference pixels by
performing a reference sample padding process according to
a preset rule. Also, the intra prediction unit may perform a
reference sample filtering process in order to reduce an error
in intra prediction. That is, the reference pixels may be
obtained by performing filtering on adjacent pixels and/or
pixels obtained by the reference sample padding process.
The intra prediction unit predicts pixels of the current unit
using the reference pixels obtained in this way.

FIG. 7 illustrates an embodiment of prediction modes
used for intra prediction. For intra prediction, intra predic-
tion mode information indicating an intra prediction direc-
tion can be signaled. When the current unit is the intra
prediction unit, the video signal decoding apparatus extracts
intra prediction mode information of the current unit from
the bitstream. The intra prediction unit of the video signal
decoding apparatus performs intra prediction for the current
unit on the basis of the extracted intra prediction mode
information.

According to an embodiment of the present disclosure,
the intra prediction mode can include a total of 67 modes.
Each intra prediction mode can be instructed through a
preset index (i.e., intra mode index). For example, as illus-
trated in FIG. 7, intra mode index O can instruct a planar
mode, intra mode index 1 can instruct a DC mode, and intra
mode indices 2 to 66 can instruct different directional modes
(i.e., angle modes), respectively. The intra prediction unit
determines reference pixels and/or interpolated reference
pixels to be used for intra prediction of the current unit on
the basis of intra prediction mode information of the current
unit. When the intra mode index instructs a specific direction
mode, the reference pixel corresponding to the specific
direction from the current pixel of the current unit or the
interpolated reference pixel is used for prediction of the
current pixel. Therefore, different sets of reference pixels
and/or interpolated reference pixels can be used for intra
prediction according to the intra prediction mode.

After intra prediction of the current unit is performed
using the reference pixels and intra prediction mode infor-
mation, the video signal decoding apparatus reconstructs
pixel values of the current unit by adding the residual signal
of the current unit obtained from the inverse transformation
unit and intra predictor of the current unit.

FIG. 8 is a diagram illustrating inter prediction according
to an embodiment of the present disclosure.
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As described above, when encoding or decoding the
current picture or block, it can be predicted from another
picture or block. That is, it is possible to encode and decode
the current picture or block on the basis of similarity with the
other picture or block. The current picture or block can be
encoded and decoded with signaling in which a portion
similar to another picture or block is omitted from the
current picture or block, which will be further described
below. It is possible to make predictions in units of blocks.

Referring to FIG. 8, a reference picture exists on the left
and a current picture exists on the right, and the current
picture or a part of the current picture can be predicted using
a similarity with the reference picture or a part of the
reference picture. When a rectangle indicated by a solid line
in the current picture of FIG. 8 is a block to be currently
encoded and decoded, the current block can be predicted
from a rectangle indicated by a dotted line in the reference
picture. In this case, information indicating a block (refer-
ence block) to be referenced by the current block may exist,
which may be directly signaled or may be constructed by
any promise to reduce signaling overhead. The information
indicating the block to be referenced by the current block
can include a motion vector. This motion vector may be a
vector indicating a relative position in a picture between the
current block and the reference block. Referring to FIG. 8,
a portion indicated by a dotted line of the reference picture
exists, and a vector indicating how the current block can be
moved to a block to be referenced in the reference picture
may be the motion vector. That is, a block that appears when
the current block is moved according to the motion vector
may be the portion indicated by the dotted line in the current
picture of FIG. 8, and the portion indicated by the dotted line
may have the same position in the current picture as the
position of the reference block of the reference picture.

Also, information indicating a block to be referenced by
the current block may include information indicating a
reference picture. Information indicating the reference pic-
ture may include a reference picture list and a reference
picture index. The reference picture list is a list including
reference pictures, and it is possible to use a reference block
in a reference picture included in the reference picture list.
That is, it is possible to predict the current block from the
reference picture included in the reference picture list. Also,
the reference picture index may be an index for indicating a
reference picture to be used.

FIG. 9 is a diagram illustrating a method of signaling a
motion vector according to an embodiment of the present
disclosure.

According to an embodiment of the present disclosure, it
is possible to generate a motion vector MV based on a
motion vector predictor MVP. For example, the motion
vector predictor can be the motion vector as illustrated
below.

MV=MVP

As another example, the motion vector may be based on
motion vector difference (MVD) as follows. The motion
vector difference MVD can be added to the motion vector
predictor in order to represent an accurate motion vector.

MV=MVP+MVD

Also, in video coding, the encoder can transmit deter-
mined motion vector information to the decoder, and the
decoder can generate a motion vector from the received
motion vector information and determine a prediction block.
For example, the motion vector information may include
information about a motion vector predictor and a motion
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vector difference. In this case, the components of the motion
vector information may vary according to mode. For
example, in merge mode, the motion vector information may
include information about the motion vector predictor, but
may not include the motion vector difference. As another
example, in advanced motion vector prediction (AMVP)
mode, the motion vector information may include informa-
tion about the motion vector predictor and may include the
motion vector difference.

In order to determine, transmit, and receive information
about the motion vector predictor, the encoder and the
decoder can generate motion vector predictor MVP candi-
dates (motion vector predictor candidates) in the same way.
For example, the encoder and the decoder can generate the
same MVP candidate (motion vector predictor candidate) in
the same order. And, the encoder can transmit an index
mvp_1x_{flag indicating the MVP (motion vector predictor)
determined from the generated MVP candidates (motion
vector predictor candidates) to the decoder, and the decoder
can find out the MVP (motion vector predictor) and MV
determined on the basis of this index mvp_1lx_flag. The
index mvp_1x_flag can include a motion vector predictor
index mvp_10_flag of the zeroth reference picture list list O
and a motion vector predictor index mvp_11_flag of the first
reference picture list list 1. A method of receiving the index
mvp_1x_flag will be described with reference to FIGS. 56 to
59.

The MVP candidate and MVP candidate generation
method may include a spatial candidate, a temporal candi-
date, etc. The spatial candidate may be a motion vector for
a block located at a predetermined position from the current
block. For example, the spatial candidate may be a motion
vector corresponding to a block or position that is adjacent
to or not adjacent to the current block. The temporal
candidate may be a motion vector corresponding to a block
in a picture different from the current picture. Alternatively,
the MVP candidate may include an affine motion vector,
ATMVP, STMVP, a combination of motion vectors
described above, an average vector of the motion vectors
described above, a zero motion vector, etc.

Also, information indicating the reference picture
described above may also be transmitted from the encoder to
the decoder. Also, when the reference picture corresponding
to the MVP candidate does not correspond to information
indicating the reference picture, motion vector scaling can
be performed. Motion vector scaling may be a calculation
based on a picture order count (POC) of the current picture,
the POC of the reference picture of the current block, the
POC of the reference picture of the MVP candidate, and the
MVP candidate.

FIG. 10 is a diagram illustrating motion vector difference
syntax according to an embodiment of the present disclo-
sure.

The motion vector difference can be coded by dividing a
sign and an absolute value of the motion vector difference.
That is, the sign and the absolute value of the motion vector
difference may be different syntax. Also, the absolute value
of the motion vector difference may be directly coded, but
can be coded including a flag indicating whether or not the
absolute value is greater than N as illustrated in FIG. 10. If
the absolute value is greater than N, a value of (absolute
value-N) can be signaled together. In the example of FIG.
10, abs_mvd_greater(_flag can be transmitted, and this flag
may be a flag indicating whether or not the absolute value is
greater than 0. If abs_mvd_greater0_flag is indicated that the
absolute value is not greater than 0, it may be determined
that the absolute value is 0. Also, if abs_mvd_greater0_flag
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is indicated that the absolute value is greater than 0, addi-
tional syntax may exist. For example, abs_mvd_greater_flag
may exist, and this flag may be a flag indicating whether or
not the absolute value is greater than 1. If
abs_mvd_greater]_flag is indicated that the absolute value is
not greater than 1, it may be determined that the absolute
value is 1. If abs_mvd_greater_flag indicates that the abso-
lute value is greater than 1, additional syntax may exist. For
example, abs_mvd_minus2 may exist, which may be a value
of (absolute value-2). It indicates (absolute value-2)
because the absolute value was determined to be greater than
1 (more than 2) through the abs_mvd_greater0_flag and
abs_mvd_greater_flag described above. When abs_mvd_
minus?2 is binarized with variable length, it is for signaling
with fewer bits. For example, there are variable length
binarization methods such as Exp-Golomb, truncated unary,
and truncated rice. Also, mvd_sign_flag may be a flag
indicating the sign of the motion vector difference.

Although the coding method has been described through
motion vector difference in this embodiment, information
other than the motion vector difference can also be divided
about the sign and absolute value and the absolute value can
be coded with a flag indicating whether or not the absolute
value is greater than a certain value and a value obtained by
subtracting the certain value from the absolute value. Also,
[0] and [1] in FIG. 10 may represent component indices. For
example, [0] and [1] can represent x-component and y-com-
ponent.

FIG. 11 is a diagram illustrating signaling of adaptive
motion vector resolution according to an embodiment of the
present disclosure.

According to an embodiment of the present disclosure,
resolution indicating the motion vector or the motion vector
difference may vary. In other words, the resolution at which
the motion vector or motion vector difference is coded may
vary. For example, resolution can be expressed in terms of
pixels (pel). For example, the motion vector or the motion
vector difference can be signaled in units of quarter 4
(quarter) pixels, ¥ (half) pixels, 1 (integer) pixel, 2 pixels,
4 pixels, etc. When it is desired to represent 16, it can be
coded as (¥4%64=16) in order to perform signaling in units
ot/14, it can be coded as 4 (1*16=16) in order to perform
signaling in units of 1, and it can be coded as 4 (4*4=16) in
order to perform signaling in units of 4. That is, the value can
be determined as follows.

valueDetermined=resolution*valuePerResolution

Here, valueDetermined is a value to be transmitted, and
may be a motion vector motion vector or a motion vector
difference in this embodiment. Also, valuePerResolution
may be a value obtained by expressing valueDetermined in
units of [/resolution].

In this case, if the value signaled as the motion vector or
motion vector difference is not divided by resolution, it is
possible to send an inaccurate value other than the motion
vector or motion vector difference, which has best prediction
performance through rounding, etc. When using high reso-
Iution, inaccuracy can be reduced, but since the coded value
is large, many bits can be used, and when using low
resolution, inaccuracy can be increased, but since the coded
value is small, fewer bits can be used.

It is also possible to set the resolution differently in units
of'block, CU, slice, etc. Therefore, resolution can be applied
adaptively to fit the unit.

The resolution can be signaled from the encoder to the
decoder. In this case, the signaling for resolution may be
signaling binarized with the variable length described above.
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In this case, when signaling is performed with the index
corresponding to the smallest value (frontmost value), the
signaling overhead is reduced.

In one embodiment, signaling indices can be matched in
the order from high resolution (signaling in detail) to low
resolution.

FIG. 11 illustrates signaling for three types of resolutions.
In this case, the three signalings may be 0, 10, and 11, and
each of the three signalings may correspond to resolution 1,
resolution 2, and resolution 3. Signaling overhead is low
when signaling resolution 1 because 1 bit is required to
signal resolution 1 and 2 bits are required to signal the
remaining resolutions. In the example of FIG. 11, resolution
1, resolution 2, and resolution 3 are %4 pels, 1 pel, and 4 pels,
respectively.

In the following disclosures, motion vector resolution
may mean resolution of the motion vector difference.

FIG. 12 is a diagram illustrating signaling of adaptive
motion vector resolution according to an embodiment of the
present disclosure.

As described with reference to FIG. 11, since the number
of bits required to signal resolution may vary depending on
resolution, it is possible to change the signaling method
according to the case. For example, a signaling value for
signaling a certain resolution may be different depending on
the case. For example, the signaling index and resolution can
be matched in a different order depending on the case. For
example, the resolutions corresponding to signaling 0, 10,
110, . . . may be respectively resolution 1, resolution 2,
resolution 3, . . . in a certain case, and may be in a different
order than resolution 1, resolution 2, resolution 3, . . . ,
respectively, in another case. It is also possible to define two
or more cases.

Referring to FIG. 12, the resolutions corresponding to O,
10, and 11 may be resolution 1, resolution 2, and resolution
3 in Case 1, respectively, and may be resolution 2, resolution
1, and resolution 3 in Case 2, respectively. In this case, there
may be two or more Cases.

FIG. 13 is a diagram illustrating signaling of adaptive
motion vector resolution signaling according to an embodi-
ment of the present disclosure.

As described with reference to FIG. 12, the motion vector
resolution can be signaled differently depending on the case.
For example, assuming that resolutions of %4, 1, and 4 pel
exist, in some cases, the signaling as described with refer-
ence to FIG. 11 may be used, and in some cases, the
signaling illustrated in FIG. 13(a) or 13(b) may be used. It
is possible that only two cases or all three of the cases of
FIGS. 11, 13(a), and 13(b) exist. Therefore, in some cases,
it is possible to signal a resolution that is not the highest
resolution with fewer bits.

FIG. 14 is a diagram illustrating signaling of adaptive
motion vector resolution according to an embodiment of the
present disclosure.

According to an embodiment of the present disclosure, a
possible resolution may be changed depending on a case in
the adaptive motion vector resolution described with refer-
ence to FIG. 11. For example, a resolution value may change
depending on the case. In one embodiment, it is possible to
use the resolution value among resolution 1, resolution 2,
resolution 3, resolution 4, . . . in a certain situation and use
the resolution value among resolution A, resolution B,
resolution C, resolution D, . . . in another case. Also, there
may be a non-empty intersection between {resolution 1,
resolution 2, resolution 3, resolution 4, . . . } and {resolution
B, resolution C, resolution D, . . . }. That is, a certain
resolution value may be used in two or more cases, and in
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the two or more cases, the set of usable resolution values
may be different. Also, the number of usable resolution
values may be different for each case.

Referring to FIG. 14, Resolution 1, Resolution 2, and
Resolution 3 can be used in Case 1, and Resolution A,
Resolution B, and Resolution C can be used in Case 2. For
example, Resolution 1, Resolution 2, and Resolution 3 may
be Y4, 1, and 4 pel. Also, for example, Resolution A,
Resolution B, and Resolution C may be Y4, V2, and 1 pel.

FIG. 15 is a diagram illustrating signaling of adaptive
motion vector resolution according to an embodiment of the
present disclosure.

Referring to FIG. 15, resolution signaling may be made
different according to a motion vector candidate or motion
vector predictor candidate. For example, it may relate to
which case described in FIGS. 12 to 14 is selected, or which
candidate the signaled motion vector or motion vector
predictor is. A method of making signaling different may
follow the method of FIGS. 12 to 14.

For example, the case can be defined differently depend-
ing on where it is located among candidates. Alternatively,
the case can be defined differently depending on how the
candidate was constructed.

The encoder or decoder may generate a candidate list
including at least one MV candidate (motion vector candi-
date) or at least one MVP candidate (motion vector predictor
candidate). There may be a tendency that the MVP (motion
vector predictor) at the front in the candidate list for the MV
candidate (motion vector candidate) or MVP candidate
(motion vector predictor candidate) has high accuracy and
the MVP candidate (motion vector predictor candidate) at
the back has low accuracy in the candidate list. This may be
designed so that the candidate at the front in the candidate
list is signaled with fewer bits, and the MVP (motion vector
predictor) at the front in the candidate list has higher
accuracy. In the embodiment of the present disclosure, if the
accuracy of the MVP (motion vector predictor) is high, a
motion vector difference (MVD) value for representing the
motion vector with good prediction performance may be
small, and if the accuracy of the MVP (motion vector
predictor) is low, the MVD (motion vector difference) value
for representing the motion vector with good prediction
performance may be large. Therefore, when the accuracy of
the MVP is low, it is possible to reduce the bits (e.g., a value
representing the difference value based on resolution)
required to represent the motion vector difference value by
signaling at low resolution.

With this principle, since low resolution can be used when
the MVP (motion vector predictor) accuracy is low, accord-
ing to an embodiment of the present disclosure, it can be
promised that resolution other than the highest resolution is
signaled with the fewest bits according to the MVP candi-
date (motion vector predictor candidate). For example, when
resolution of Y4, 1, or 4 pel is possible, 1 or 4 can be signaled
with the fewest bits (1-bit). Referring to FIG. 15, for
Candidate 1 and Candidate 2, ¥4 pel, which is high resolu-
tion, is signaled with the fewest bits, and for Candidate N
which is behind Candidate 1 and Candidate 2, resolution,
which is not ¥ pel, is signaled with the fewest bits.

FIG. 16 is a diagram illustrating signaling of adaptive
motion vector resolution according to an embodiment of the
present disclosure.

As described with reference to FIG. 15, motion vector
resolution signaling may be made different depending on
which candidate the determined motion vector or motion
vector predictor is. A method of making signaling different
may follow the method of FIGS. 12 to 14.
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Referring to FIG. 16, high resolution is signaled with the
fewest bits for some candidates, and resolution other than
high resolution is signaled with the fewest bits for some
candidates. For example, a candidate for which resolution
other than high resolution is signaled with the fewest bits
may be an incorrect candidate. For example, a candidate for
which resolution other than high resolution is signaled with
the fewest bits may be a temporal candidate, a zero motion
vector, a non-adjacent spatial candidate, a candidate accord-
ing to whether or not there is a refinement process, etc.

The temporal candidate may be a motion vector from
another picture. The zero motion vector may be a motion
vector in which all vector components are 0. A non-adjacent
spatial candidate may be a motion vector referenced from a
position not adjacent to the current block. The refinement
process may be a process of refining the motion vector
predictor, for example, it may be refined through template
matching, bilateral matching, etc.

According to an embodiment of the present disclosure, it
is possible to add the motion vector difference after refining
the motion vector predictor. This may be to reduce the
motion vector difference value by making the motion vector
predictor accurate. In this case, motion vector resolution
signaling may be made different for a candidate without a
refinement process. For example, resolution that is not the
highest resolution can be signaled with the fewest bits.

According to another embodiment, after adding the
motion vector difference to the motion vector predictor, the
refinement process can be performed. In this case, for the
candidate that has the refinement process, motion vector
resolution signaling may be made different. For example,
resolution that is not the highest resolution can be signaled
with the fewest bits. This may be because, since the refine-
ment process will be performed after adding the motion
vector difference, it is possible to reduce a prediction error
through the refinement process even if the MV difference
(motion vector difference) is not signaled as accurately as
possible (so that the prediction error is small).

As another example, when a selected candidate is differ-
ent from another candidate by a certain value or more,
motion vector resolution signaling can be changed.

In another embodiment, depending on which candidate
the determined motion vector or motion vector predictor is,
a subsequent motion vector refinement process may be made
different. The motion vector refinement process may be a
process for finding a more accurate motion vector. For
example, the motion vector refinement process may be a
process of finding a block matching the current block
according to a set appointment from a reference point (e.g.,
template matching or bilateral matching). The reference
point may be a position corresponding to the determined
motion vector or motion vector predictor. In this case, the
degree of movement from the reference point may vary
according to a set agreement, and making the motion vector
refinement process different may be to make the degree of
movement from the reference point different. For example,
the motion vector refinement process may start with a
detailed refinement process for an accurate candidate, and
start with a less detailed refinement process for an inaccurate
candidate. The accurate candidate and inaccurate candidate
may be determined according to a position in the candidate
list or how a candidate is generated. How the candidate is
generated may be about the position from which the spatial
candidate was brought. Also, reference may be made to the
description of FIG. 16 for this. Also, a detailed refinement or
a less detailed refinement may be whether a matching block
is found while moving a little or while moving a lot from the
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reference point. Also, in the case of finding the matching
block while moving a lot, it is possible to add a process of
finding while moving little by little from the most matching
block found while moving a lot.

In another embodiment, motion vector resolution signal-
ing can be changed on the basis of the POC of the current
picture and the POC of the reference picture of the motion
vector or motion vector predictor candidate. A method of
making signaling different may follow the method of FIGS.
12 to 14.

For example, when the difference between the picture
order count (POC) of the current picture and the POC of the
reference picture of the motion vector or motion vector
predictor candidate is large, the motion vector or motion
vector predictor may be inaccurate, and resolution other than
high resolution can be signaled with the fewest bits.

As another example, motion vector resolution signaling
can be changed based on whether or not motion vector
scaling needs to be performed. For example, when the
selected motion vector or motion vector predictor is a
candidate for which performing motion vector scaling is
performed, resolution other than high resolution can be
signaled with the fewest bits. The case of performing motion
vector scaling may be a case where the reference picture for
the current block and the reference picture of the referenced
candidate are different.

FIG. 17 is a diagram illustrating affine motion prediction
according to an embodiment of the present disclosure.

In the conventional prediction method as described with
reference to FIG. 8, it is possible to predict the current block
from a block from a moved position without rotation or
scaling. It can be predicted from a reference block of the
same size, shape, and angle as the current block. FIG. 8 is
only a translation motion model. However, the content
contained in an actual image can have more complex
movement, and prediction performance can be further
improved if predicted from various shapes.

Referring to FIG. 17, a block currently predicted is
indicated by a solid line in the current picture. The current
block can be predicted by referring to a block having a
different shape, size, and angle from the currently predicted
block, and the reference block is indicated by a dotted line
in the reference picture. The same position as the position in
the picture of the reference block is indicated by a dotted line
in the current picture. In this case, the reference block may
be a block represented by affine transformation in the current
block. Through this, it is possible to represent stretching
(scaling), rotation, shearing, reflection, orthogonal projec-
tion, etc.

The number of parameters representing affine motion and
affine transformation may vary. If more parameters are used,
more various motions can be represented than when fewer
parameters are used, but there is a possibility that overhead
may occur in signaling or calculation, etc.

For example, affine transformation can be represented by
6 parameters. Alternatively, the affine transformation may be
represented by three control point motion vectors.

FIG. 18 is a diagram illustrating affine motion prediction
according to an embodiment of the present disclosure.

It is possible to represent complex movement using affine
transformation as in FIG. 17, but in order to reduce signaling
overhead and computation for this, simpler affine motion
prediction or affine transformation can be used. By restrict-
ing movement, simpler affine motion prediction can be
made. Restricting movement may restrict the shape of the
current block being transformed into a reference block.
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Referring to FIG. 18, affine motion prediction can be
performed using control point motion vectors of v0 and v1.
Using two vectors v0 and v1 may be equivalent to using four
parameters. With the two vectors v0 and vl or the four
parameters, it is possible to indicate from which shape of the
reference block the current block is predicted. By using such
a simple affine transformation, it is possible to represent the
movement of rotation and scaling (zoom in/out) of the block.
Referring to FIG. 18, the current block indicated by a solid
line may be predicted from a position indicated by a dotted
line in FIG. 18 in the reference picture. Each point (pixel) of
the current block can be mapped to another point through
affine transformation.

FIG. 19 is an expression illustrating a motion vector field
according to an embodiment of the present disclosure. The
control point motion vector vO in FIG. 18 may be (v_O0x,
v_0Oy) and may be a motion vector of a top-left corner
control point. Also, the control point motion vector vl may
be (v_1x, v_ly) and may be a motion vector of a top-right
corner control point. In this case, the motion vector (v_x,
v_y) at (X, y) position may be as illustrated in FIG. 19.
Therefore, a motion vector for each pixel position or a
certain position can be estimated according to the expression
of FIG. 19, which is based on v0 and v1.

Also, (x,y) in the expression of FIG. 19 may be a relative
coordinate within the block. For example, (x, y) may be a
position when the left top position of the block is (0, 0).

If vO is the control point motion vector for the position
(x0, y0) on the picture and v1 is the control point motion
vector for the position (x1, y1) on the picture, if it is intended
to represent the position (x, y) within the block using the
same coordinates as the positions of v0, vl, it can be
represented by changing x and y to (x—x0) and (y-y0) in the
expression of FIG. 19, respectively. Also, w (width of block)
may be (x1-x0).

FIG. 20 is a diagram illustrating affine motion prediction
according to an embodiment of the present disclosure.

According to an embodiment of the present disclosure,
affine motion can be represented using a plurality of control
point motion vectors or a plurality of parameters.

Referring to FIG. 20, affine motion prediction may be
performed using control point motion vectors of v0, v1, and
v2. Using three vectors v0, v1, v2 may be equivalent to using
six parameters. The three vectors v0, v1, and v2 or the six
parameters may indicate from what shape of the reference
block the current block is predicted. Referring to FIG. 20, a
current block indicated by a solid line may be predicted from
a position indicated by a dotted line in FIG. 20 in the
reference picture. Each point (pixel) of the current block can
be mapped to another point through affine transformation.

FIG. 21 is an expression illustrating a motion vector field
according to an embodiment of the present disclosure. In
FIG. 20, the control point motion vector vO may be (mv_0"x,
mv_0"y) and may be the motion vector of the top-left corner
control point, the control point motion vector vl may be
(mv_1"x, mv_1"y) and may be the motion vector of the
top-right corner control point, and the control point motion
vector v2 may be (mv_2"x, mv_2"y) and may be the motion
vector of the bottom-left corner control point. In that case,
the motion vector (mv"x, mv"y) of the (x, y) position may be
as illustrated in FIG. 21. Therefore, a motion vector for each
pixel position or a certain position can be estimated accord-
ing to the expression of FIG. 21, which is based on v0, v1,
and v2.

Also, (x,y) in the expression of FIG. 21 may be a relative
coordinate within a block. For example, (X, y) may be a
position when the left top position of the block is (0, 0).
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Therefore, if it is assumed that v0 is the control point motion
vector for the position (x0, y0), vl is the control point
motion vector for the position (x1, y1), and v2 is the control
point motion vector for the position (x2, y2) and it is
intended to represent (X, y) using the same coordinates as the
positions of vO, v1, and v2, it can be represented by changing
x and y to (x-x0) and (y-y0) in the expression of FIG. 21,
respectively. Also, w (width of block) may be (x1-x0), and
h (height of block) may be (y2-y0).

FIG. 22 is a diagram illustrating affine motion prediction
according to an embodiment of the present disclosure.

As described above, a motion vector field exists, and a
motion vector can be calculated for each pixel, but for
simplicity, affine transformation can be performed on a
subblock basis as illustrated in FIG. 22. For example, a small
rectangle in FIG. 22(a) is a subblock, a representative
motion vector of the subblock can be constructed, and the
representative motion vector can be used for pixels of the
subblock. Also, as the complex movement was represented
in FIGS. 17, 18, 20, etc., a subblock can correspond to a
reference block by representing such a movement, or it may
be made simpler by applying only a translation motion to the
subblock. In FIG. 22(a), v0, v1, and v2 may be control point
motion vectors.

In this case, the size of the subblock may be M*N, and M
and N may be the same as illustrated in FIG. 22(5). And,
MvPre may be motion vector fraction accuracy. Also, (v_0x,
v_0y), (v_1x, v_ly), and (v_2x, v_2y) may be motion
vectors of top-left, top-right, and bottom-left control points,
respectively. (v_2x, v_2y) may be the motion vector of the
bottom-left control point of the current block, for example,
in the case of 4-parameter, it may be the MV (motion vector)
for the bottom-left control point calculated by the expression
of FIG. 19.

Also, when constructing a representative motion vector of
a subblock, it is possible to calculate the representative
motion vector using the center sample position of the
subblock. Also, when constructing the motion vector of a
subblock, a motion vector with higher accuracy than a
normal motion vector can be used, and for this, a motion
compensation interpolation filter can be applied.

In another embodiment, the size of the subblock is not
variable and may be fixed to a specific size. For example, the
subblock size may be fixed to 4*4 size.

FIG. 23 is a diagram illustrating one mode of affine
motion prediction according to an embodiment of the pres-
ent disclosure.

According to an embodiment of the present disclosure,
there may be affine inter mode as an example of affine
motion prediction. There may be a flag indicating that it is
affine inter mode. Referring to FIG. 23, there may be blocks
at positions A, B, C, D, and E near v0 and v1, and motion
vectors that respectively correspond to the blocks can be
called vA, vB, vC, vD, vE. Using this, it is possible to
construct a candidate list for the following motion vectors or
motion vector predictors.

{00 v1)v0={v4,vBvC} vi={vDvE}}

That is, a (v0, v1) pair can be constructed with v0 selected
from vA, vB, and vC and v1 selected from vD and vE. In this
case, the motion vector can be scaled according to a picture
order count (POC) of reference of a neighbor block, the POC
of reference for current CU (current coding unit; current
block), and the POC of the current CU. When a candidate list
is constructed with the same motion vector pairs as
described above, it is possible to signal which candidate of
the candidate list is selected and whether it is selected. Also,
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if the candidate list is not sufficiently filled, it is possible to
fill the candidate list with other inter prediction candidates.
For example, it can be filled using advanced motion vector
prediction (AMVP) candidates. Also, it is possible to signal
the difference to be used for correction rather than directly
using v0 and vl selected from the candidate list as the
control point motion vector of affine motion prediction,
thereby capable of constructing a better control point motion
vector. That is, in the decoder, it is possible to use v0' and
v1' constructed by adding the difference to vO and vl
selected from the candidate list as control point motion
vectors for affine motion prediction.

In one embodiment, it is also possible to use the affine
inter mode for a coding unit (CU) of a specific size or more.

FIG. 24 is a diagram illustrating one mode of affine
motion prediction according to an embodiment of the pres-
ent disclosure.

According to an embodiment of the present disclosure,
there may be affine merge mode as an example of affine
motion prediction. There may be a flag indicating that it is
the affine merge mode. In the affine merge mode, when affine
motion prediction is used around the current block, the
control point motion vector of the current block can be
calculated from motion vectors of the block or around the
block. For example, when checking whether a neighboring
block uses affine motion prediction, the neighboring block
which becomes a candidate may be as illustrated in FIG.
24(a). Also, it is possible to check whether affine motion
prediction is used in the order of A, B, C, D, and E, and when
a block that uses affine motion prediction is found, the
control point motion vector of the current block can be
calculated using the motion vectors of the block or around
the block. A, B, C, D, and E may be left, above, above right,
left bottom, above left, respectively, as illustrated in FIG.
24(a).

In an embodiment, when the block at position A uses
affine motion prediction as illustrated in FIG. 24(5), vO and
v1 can be calculated using the motion vectors of the block
or around the block. The motion vectors around the block
may be v2, v3, and v4.

In the previous embodiment, the order of the neighboring
blocks to be referenced is determined. However, perfor-
mance of a control point motion vector derived from a
specific location does not always better. Therefore, in
another embodiment, it is possible to signal whether to
derive the control point motion vector by referring to a block
located at which position. For example, the candidate posi-
tions of control point motion vector derivation are deter-
mined in the order of A, B, C, D, and E of FIG. 24(a), and
it is possible to signal the candidate position to be referred
to.

In another embodiment, when deriving the control point
motion vector, the accuracy can be increased by taking it
from a nearby block for each control point motion vector.
For example, referring to FIG. 24, the left block may be
referred to when deriving v0, and the above block may be
referred to when deriving v1. Alternatively, A, D, or E may
be referred to when deriving v0, and B or C may be referred
to when deriving v1.

FIG. 25 is a diagram illustrating affine motion predictor
derivation according to an embodiment of the present dis-
closure.

Control point motion vectors may be required for affine
motion prediction, and a motion vector field, i.e., a motion
vector for a subblock or a certain position, may be calculated
based on the control point motion vectors. The control point
motion vector may be called a seed vector.
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In this case, the control point MV (control point motion
vector) may be based on a predictor. For example, the
predictor can be a control point MV (control point motion
vector). As another example, the control point MV may be
calculated based on a predictor and difference. Specifically,
the control point MV (control point motion vector) can be
calculated by adding or subtracting the difference to and
from the predictor.

In this case, in the process of constructing the predictor of
the control point MV, it is possible to derive it from the
control point MVs (control point motion vectors) or MVs
(motion vectors) of the neighboring block for which affine
motion prediction (affine motion compensation (MC)) is
performed. For example, if a block corresponding to a preset
position is subjected to affine motion prediction, a predictor
for affine motion compensation of the current block can be
derived from control point MVs or MVs of the block.
Referring to FIG. 25, preset positions may be A0, Al, BO,
B1, and B2. Alternatively, the preset positions may include
a position adjacent to the current block and a position not
adjacent to the current block. Also, it is possible to refer to
the control point MVs (control point motion vectors) or
MVs (motion vectors) at a preset position (spatial), and it is
possible to refer to temporal control point MVs or MVs at
a preset position.

A candidate of affine motion compensation (MC) can be
constructed in the same way as in the embodiment of FIG.
25, and this candidate can also be called an inherited
candidate. Alternatively, such a candidate may be called a
merge candidate. Also, when referring to the preset positions
in the method of FIG. 25, reference may be made in a preset
order.

FIG. 26 is a diagram illustrating affine motion predictor
derivation according to an embodiment of the present dis-
closure.

Control point motion vectors may be required for affine
motion prediction, and the motion vector field, i.e., a motion
vector for a subblock or a certain position, may be calculated
based on the control point motion vectors. The control point
motion vector may also be called a seed vector.

In this case, the control point MV (control point motion
vector) may be based on a predictor. For example, the
predictor can be a control point MV (control point motion
vector). As another example, the control point MV (control
point motion vector) may be calculated based on a predictor
and a difference. Specifically, the control point MV (control
point motion vector) can be calculated by adding or sub-
tracting the difference to or from the predictor.

In this case, it is possible to derive it from the neighboring
MVs in the process of constructing the predictor of the
control point MV. In this case, the neighboring MVs may
include MVs (motion vectors) that are not subjected to affine
motion compensation (MC). For example, when deriving
each control point MV (control point motion vector) of the
current block, an MV at a preset position for each control
point MV may be used as a predictor of the control point
MV. For example, the preset position may be a portion
included in a block adjacent to a portion of the preset
position.

Referring to FIG. 26, control point MVs (control point
motion vectors) mv0, mvl, and mv2 can be determined. In
this case, according to an embodiment of the present dis-
closure, the MV (motion vector) corresponding to preset
positions A, B, and C may be used as the predictor for mvO0.
Also, the MV (motion vector) corresponding to preset
positions D and E may be used as the predictor for mv1. The
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MYV (motion vector) corresponding to preset positions F and
G may be used as the predictor for mv2.

Also, when determining each predictor of the control
point MVs (control point motion vectors) mv0, mvl, and
mv2 according to the embodiment of FIG. 26, the order of
referring to the preset position for each control point posi-
tion may be determined. Also, there may be a plurality of
preset positions referred to as predictors of the control point
MYV for each control point, and a possible combination of
preset positions may be determined.

A candidate of affine MC (affine motion compensation)
can be constructed in the same way as in the embodiment of
FIG. 26, and this candidate may also be called a constructed
candidate. Alternatively, this candidate may be called an
inter candidate or virtual candidates. Also, when referring to
the preset positions in the method of FIG. 41, reference may
be made according to a preset order.

According to an embodiment of the present disclosure,
using the embodiments described with reference to FIG. 23
to 26 or a combination thereof, a candidate list of affine MC
(affine motion compensation) or a control point MV candi-
date list of affine MC (affine motion compensation) can be
generated.

FIG. 27 is a diagram illustrating affine motion predictor
derivation according to an embodiment of the present dis-
closure.

As described with reference to FIGS. 24 to 25, the control
point MV (control point motion vector) for affine motion
prediction of the current block may be derived from a
neighboring block which is subjected to affine motion pre-
diction. In this case, the same method as in FIG. 27 can be
used. In the expression of FIG. 27, the MV’s or control point
MYV (motion vector) of the top-left, top-right, and bottom-
left of the neighboring block which is subjected to affine
motion prediction are respectively (v_EOx, v_EOy), (v_El1x,
v_Ely), and (v_E2x, v_E2y). Also, the coordinates of the
top-left, top-right, and bottom-left of the neighboring block
which is subjected to affine motion prediction may be (x_EO,
y_E0), (x_E1,y_E1), and (x_E2, y_E2), respectively. In this
case, (v_0x, v_0y) and (v_1x, v_ly), which are predictors of
the control point MVs (control point motion vectors) or the
control point MVs (control point motion vectors) of the
current block, can be calculated according to FIG. 27.

FIG. 28 is a diagram illustrating affine motion predictor
derivation according to an embodiment of the present dis-
closure.

As described above, multiple control motion MVs (con-
trol point motion vectors) or multiple control point MV
predictor (control point motion vector predictor) may be
required for affine motion compensation. In this case,
another control motion MV (control point motion vector) or
control point MV predictor (control point motion vector
predictor) can be derived from a certain control motion MV
(control point motion vector) or control point MV predictor
(control point motion vector predictor).

For example, when two control point MV (control point
motion vectors) or two control point MV predictors (control
point motion vector predictors) are constructed by the
method described in the previous drawings, another control
point MV (control point motion vector) or another control
point MV predictor (control point motion vector predictor)
can be generated based on this.

Referring to FIG. 28, a method of generating mv0, mvl,
and mv2, which are control point MV predictors (control
point motion vector predictors) or control point MVs (con-
trol point motion vectors) of top-left, top-right, and bottom-
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left, is illustrated. In the drawing, X and y represent an
x-component and a y-component, respectively, and the cur-
rent block size may be w*h.

FIG. 29 is a diagram illustrating a method of generating
a control point motion vector according to an embodiment of
the present disclosure.

According to an embodiment of the present disclosure, it
is possible to determine the control point MV (control point
motion vector) by constructing a predictor for the control
point MV (control point motion vector) in order to perform
affine MC (affine motion compensation) on the current block
and adding the difference thereto. According to an embodi-
ment, it is possible to construct the predictor of the control
point MV by the method described with reference to FIGS.
23 to 26. The difference can be signaled from the encoder to
the decoder.

Referring to FIG. 29, differences for the control point
MVs (control point motion vectors) may exist. Also, the
differences for the control point MVs (control point motion
vectors) may be signaled, respectively. FIG. 29(a) illustrates
a method of determining mv0 and mv1, which are control
point MVs of a 4-parameter model, and FIG. 29(5) illus-
trates a method of determining mv0, mvl, and mv2, which
are control point MVs of a 6-parameter model. The control
point MVs (control point motion vectors) are determined by
adding mvd0, mvdl, and mvd2, which are differences for the
control point MVs (control point motion vectors), to the
predictor.

The terms indicated with upper bar in FIG. 29 may be
predictors of the control point MVs (control point motion
vectors).

FIG. 30 is a diagram illustrating a method of determining
a motion vector difference through the method described
with reference to FIG. 29.

As an embodiment, a motion vector difference can be
signaled by the method described with reference to FIG. 10.
And, the motion vector difference determined by the sig-
naled method may be IMvd of FIG. 30. Also, a value such
as the motion vector difference mvd signaled in FIG. 29, that
is, a value such as mvd0, mvdl, and mvd2 may be IMvd in
FIG. 30. As described with reference to FIG. 29, the signaled
mvd (motion vector difference) can be determined as the
difference with the predictor of the control point MV (con-
trol point motion vector), and the determined difference may
be MvdlLO and MvdL1 of FIG. 30. LO may indicate refer-
ence list 0 (zeroth reference picture list), and L1 may
indicate reference list 1 (first reference picture list). compldx
is a component index, and may indicate an x, y component,
etc.

FIG. 31 is a diagram illustrating a method of generating
a control point motion vector according to an embodiment of
the present disclosure.

According to an embodiment of the present disclosure, it
is possible to determine the control point MV (control point
motion vector) by constructing a predictor for the control
point MV in order to perform affine MC (affine motion
compensation) on the current block and adding the differ-
ence thereto. According to an embodiment, it is possible to
construct the predictor of the control point MV (control
point motion vector) by the method described with reference
to FIGS. 23 to 26. The difference can be signaled from the
encoder to the decoder.

Referring to FIG. 31, a predictor for the difference for
each control point MV (control point motion vector) may
exist. For example, the difference of another control point
MYV (control point motion vector) can be determined based
on the difference of a certain control point MV (control point



US 12,058,358 B2

27

motion vector). This may be based on the similarity between
the differences for the control point MVs (control point
motion vectors). Since the differences are similar, if a
predictor is determined, it may be possible to make a small
difference with the predictor. In this case, the difference
predictor for the control point MV (control point motion
vector) can be signaled, and the difference with the differ-
ence predictor for the control point MV (control point
motion vector) can be signaled.

FIG. 31(a) illustrates a method of determining mv0 and
mv]l, which are control point MVs (control point motion
vectors) of the 4-parameter model, and FIG. 31(5) illustrates
a method of determining mv0, mvl, and mv2, which are
control point MVs (control point motion vectors) of the
6-parameter model.

Referring to FIG. 31, for the difference for each control
point MV, the difference for the control point MV and the
control point MV are determined based on a difference mvd0
of mv0, which is control point MV 0. The mvd0, mvdl, and
mvd2 illustrated in FIG. 31 may be signaled from the
encoder to the decoder. Compared to the method described
with reference to FIG. 29, in the method of FIG. 31, the
values of mvdl and mvd?2 that are signaled may be different
even if the same mv0, mv1, and mv2 as those in FIG. 29 and
the same predictors are used. If the difference with the
predictors of the control point MVs mv0, mv1, and mv2 is
similar, when the method of FIG. 31 is used, there is a
possibility that the absolute values of mvdl and mvd2 are
smaller than when the method of FIG. 29 is used, and thus
signaling overhead of mvdl and mvd2 can be reduced.
Referring to FIG. 31, the difference with the predictor of
mv] may be determined as (mvdl+mvd0), and the differ-
ence with the predictor of mv2 may be determined as
(mvd2+mvd0).

The terms indicated with upper bar in FIG. 31 may be
predictors of the control points MV.

FIG. 32 is a diagram illustrating a method of determining
a motion vector difference through the method described
with reference to FIG. 31.

As an embodiment, a motion vector difference can be
signaled by the method described with reference to FIG. 10
or FIG. 33. Also, the motion vector difference determined
based on the signaled parameter may be IMvd of FIG. 32.
Also, the mvd signaled in FIG. 31, that is, a value such as
mvd0, mvdl, mvd2 may be IMvd in FIG. 32.

MvdLX of FIG. 32 may be a difference between each
control point MV (control point motion vector) and a
predictor. That is, it may be (mv-mvp). In this case, as
described with reference to FIG. 31, for control point MV 0
mv_0, the signaled motion vector difference can be directly
used for the difference MvdLX for the control point MV and,
for other control point MVs (mv_1, mv_2), MvdLLX, which
is the difference between the control point MVs, may be
determined and used based on the signaled motion vector
difference (mvdl and mvd2 in FIG. 31) and the signaled
motion vector difference (mvd0 in FIG. 31) for the control
point MV 0 mv_0.

LX in FIG. 32 may indicate a reference list X (reference
picture list X). compldx is a component index, and may
indicate an X, y component, etc. cpldx may indicate a control
point index. cpldx may mean O, 1, or O, 1, 2 illustrated in
FIG. 31.

The resolution of the motion vector difference may be
considered in the values illustrated in FIGS. 10, 12, 13, etc.
For example, when the resolution is R, a value of IMvd*R
can be used for IMvd in the drawing.
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FIG. 33 is a diagram illustrating motion vector difference
syntax according to an embodiment of the present disclo-
sure.

Referring to FIG. 33, motion vector difference may be
coded in a similar manner to that described with reference to
FIG. 10. In this case, coding may be done separately
according to a control point index cpldx.

FIG. 34 is a diagram illustrating a higher level signaling
structure according to an embodiment of the present disclo-
sure.

According to an embodiment of the present disclosure,
one or more higher level signaling may exist. Higher level
signaling may mean signaling at a higher level. The higher
level may be a unit including any unit. For example, a higher
level of a current block or current coding unit may include
a CTU, asslice, a tile, a tile group, a picture, a sequence, etc.
Higher level signaling may affect a lower level of the
corresponding higher level. For example, if the higher level
is a sequence, it may affect the CTU, slice, tile, tile group,
and picture units that are lower levels of the sequence. Here,
affecting is that higher level signaling affects encoding or
decoding for lower levels.

Also, higher level signaling can include may include
signaling indicating which mode can be used. Referring to
FIG. 34, higher level signaling can include sps_modeX_en-
abled_flag. According to an embodiment, it may be deter-
mined whether or not mode modeX can be used based on
sps_modeX_enabled_flag. For example, when sps_modeX_
enabled_flag is a certain value, mode modeX may not be
used. Also, it may be possible to use mode modeX when
sps_modeX_enabled_flag is any other value. Also, when
sps_modeX_enabled_flag is any other value, it may be
judged whether or not mode modeX is used based on
additional signaling. For example, the certain value may be
0, and the other value may be 1. However, the present
disclosure is not limited thereto, and the certain value may
be 1, and the other value may be 0.

According to an embodiment of the present disclosure,
signaling indicating whether affine motion compensation
can be used may exist. For example, this signaling may be
higher level signaling. Referring to FIG. 34, this signaling
may be sps_affine_enabled_flag (affine enabled flag). Refer-
ring to FIGS. 2 and 7, signaling may mean a signal trans-
mitted from the encoder to the decoder through the bit-
stream. The decoder may parse the affine enable flag from
the bitstream.

For example, if sps_affine_enabled_flag (affine enabled
flag) is 0, syntax may be restricted so that affine motion
compensation is not used. Also, when sps_affine_enabled_
flag (affine enabled flag) is O, inter_affine_flag (inter affine
flag) and cu_affine_type_flag (coding unit affine type flag)
may not exist.

For example, inter_affine_flag (inter affine flag) may be
signaling indicating whether or not affine MC (affine motion
compensation) is used in the block. Referring to FIGS. 2 and
7, signaling may mean a signal transmitted from the encoder
to the decoder through the bitstream. The decoder may parse
inter_affine_flag (inter affine flag) from the bitstream.

Also, cu_affine_type_flag (coding unit affine type flag)
may be signaling indicating which type of affine MC (affine
motion compensation) is used in block. Also, here, the type
can indicate whether it is a 4-parameter affine model or a
6-parameter affine model. Also, when sps_affine_enabled_
flag (affine enabled flag) is 1, it is possible that affine motion
compensation is used.
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Affine motion compensation may mean affine model
based motion compensation or affine model based motion
compensation for inter prediction.

Also, according to an embodiment of the present disclo-
sure, signaling indicating that a specific type of which mode
can be used may exist. For example, signaling indicating
whether a specific type of affine motion compensation can be
used may exist. For example, this signaling may be higher
level signaling. Referring to FIG. 34, this signaling may be
sps_affine_type_flag. Also, the specific type may mean the
6-parameter affine model. For example, if sps_affine_
type_flag is 0, the syntax may be restricted so that the
6-parameter affine model is not used. Also, when sps_affi-
ne_type_flag is 0, cu_affine_type_flag may not exist. Also,
if sps_affine_type_flag is 1, the 6-parameter affine model
may be used. If sps_affine_type_flag does not exist, its value
may be inferred to be equal to 0.

Also, according to an embodiment of the present disclo-
sure, signaling indicating that a specific type of a certain
mode can be used may exist when signaling indicating that
the certain mode can be used exists. For example, when the
signaling value indicating whether the certain mode can be
used is 1, it is possible to parse signaling indicating whether
the specific type of the certain mode can be used. For
example, when the signaling value indicating whether the
certain mode can be used is O, it is possible not to parse
signaling indicating whether the specific type of the certain
mode can be used. For example, signaling indicating
whether a certain mode can be used can include
sps_affine_enabled_flag (affine enabled flag). Also, signal-
ing indicating that a specific type of a certain mode can be
used can include sps_affine_type_flag (affine enabled flag).
Referring to FIG. 34, when sps_affine_enabled_flag (affine
enabled flag) is 1, it is possible to parse sps_affine_type_flag.
Also, when sps_affine_enabled_flag (affine enabled flag) is
0, it is possible not to parse sps_affine_type_flag, and it is
possible to infer its value to 0.

Also, it is possible to use adaptive motion vector resolu-
tion (AMVR) as described above. It is possible to use a
resolution set of AMVR differently depending on a case. For
example, it is possible to use the resolution set of AMVR
differently according to prediction mode. For example, the
AMVR resolution set may be different when using regular
inter prediction such as AMVP and when using affine MC
(affine motion compensation). Also, AMVR applied to regu-
lar inter prediction such as AMVP may be applied to the
motion vector difference. Alternatively, AMVR applied to
regular inter prediction such as advanced motion vector
prediction (AMVP) may be applied to the motion vector
predictor. Also, AMVR applied to affine MC (affine motion
compensation) may be applied to the control point motion
vector or control point motion vector difference.

Also, according to an embodiment of the present disclo-
sure, signaling indicating whether AMVR can be used may
exist. This signaling may be higher level signaling. Refer-
ring to FIG. 34, sps_amvr_enabled_flag (AMVR enabled
flag) may exist. FIGS. 2 and 7, signaling may mean a signal
transmitted from the encoder to the decoder through the
bitstream. The decoder can parse the AMVR enabled flag
from the bitstream.

The sps_amvr_enabled_flag (AMVR enabled flag)
according to an embodiment of the present disclosure may
indicate whether or not adaptive motion vector differential
resolution is used. Also, sps_amvr_enabled_flag (AMVR
enabled flag) according to an embodiment of the present
disclosure may indicate whether or not adaptive motion
vector differential resolution can be used. For example,
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according to an embodiment of the present disclosure, when
sps_amvr_enabled_flag (AMVR enabled flag) is 1, AMVR
may be usable for motion vector coding. Also, according to
an embodiment of the present disclosure, when
sps_amvr_enabled_flag (AMVR enabled flag) is 1, AMVR
can be used for motion vector coding. Also, when
sps_amvr_enabled_flag (AMVR enabled flag) is 1, addi-
tional signaling for indicating which resolution is used may
exist. Also, when sps_amvr_enabled_flag (AMVR enabled
flag) is 0, AMVR may not be usable for motion vector
coding. Also, when sps_amvr_enabled_flag (AMVR
enabled flag) is 0, AMVR may not be usable for motion
vector coding. According to an embodiment of the present
disclosure, AMVR corresponding to sps_amvr_enabled_flag
(AMVR enabled flag) may mean that it is used for regular
inter prediction. For example, AMVR corresponding to
sps_amvr_enabled_flag (AMVR enabled flag) may not
mean that it is used for affine MC. Also, whether or not to
use affine MC (affine motion compensation) may be indi-
cated by inter_affine_flag (inter affine flag). That is, AMVR
corresponding to sps_amvr_enabled_flag (AMVR enabled
flag) means that it is used when inter_affine_flag (inter affine
flag) is 0, or may not mean that it is used when inter_
affine_flag (inter affine flag) is 1

Also, according to an embodiment of the present disclo-
sure, signaling indicating whether AMVR can be used for
affine MC (affine motion compensation) may exist. This
signaling may be higher level signaling. Referring to FIG.
34, signaling sps_affine_amvr_enabled flag (affine AMVR
enabled flag) indicating whether AMVR can be used for
affine MC (affine motion compensation) may exist. FIGS. 2
and 7, signaling may mean a signal transmitted from the
encoder to the decoder through the bitstream. The decoder
may parse the affine AMVR enabled flag from the bitstream.

The sps_affine_amvr_enabled_flag (affine AMVR
enabled flag) may indicate whether or not adaptive motion
vector differential resolution is used for affine motion com-
pensation. Also, sps_affine_amvr_enabled_flag (affine
AMVR enabled flag) may indicate whether or not adaptive
motion vector differential resolution can be used for affine
motion compensation. According to an embodiment, when
sps_affine_amvr_enabled_flag (affine AMVR enabled flag)
is 1, it may be possible for AMVR to be used for affine inter
mode motion vector coding. Also, when
sps_affine_amvr_enabled_flag is (affine AMVR enabled
flag) 1, AMVR may be usable for affine inter mode motion
vector coding. Also, when sps_affine_amvr_enabled_flag
(affine AMVR enabled flag) is 0, it may not be possible for
AMVR to be used for affine inter mode motion vector
coding. When sps_affine_amvr_enabled_flag (affine AMVR
enabled flag) is 0, AMVR may not be usable for affine inter
mode motion vector coding.

For example, when sps_affine_amvr_enabled_flag (affine
AMVR enabled flag) is 1, it is possible to use the AMVR
corresponding to a case where inter_affine_flag (inter affine
flag) is 1 can be used for affine inter mode motion vector
coding. Also, when sps_affine_amvr_enabled_flag (affine
AMVR enabled flag) is 1, additional signaling for indicating
which resolution is used may exist. Also, when
sps_affine_amvr_enabled_flag (affine AMVR enabled flag)
is 0, AMVR corresponding to the case where inter_affine_f-
lag (inter affine flag) is 1 may not be used for affine inter
mode motion vector coding.

FIG. 35 is a diagram illustrating a coding unit syntax
structure according to an embodiment of the present disclo-
sure.
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As described with reference to FIG. 34, additional sig-
naling for indicating resolution based on higher level sig-
naling using AMVR may exist. Referring to FIG. 34, addi-
tional signaling for indicating resolution may include
amvr_flag or amvr_precision_flag. The amvr_flag or amvr_
precision_flag may be information about resolution of the
motion vector difference.

According to an embodiment, signaling indicated when
amvr_flag is 0 may exist. Also, when amvr_flag is 1,
amvr_precision_flag may exist. Also, when amvr_flag is 1,
resolution may be determined based on amvr-precision flag
as well. For example, if amvr_flag is 0, it may be %
resolution. Also, if amvr_flag does not exist, the amvr_flag
value may be inferred based on CuPredMode. For example,
when CuPredMode is MODE_IBC, the amvr_flag value
may be inferred to be equal to 1, and when CuPredMode is
not MODE_IBC or CuPredMode (coding unit prediction
mode) is MODE_INTER, the amvr_flag value may be
inferred to be equal to 0.

Also, when inter_affine_flag is 0 and amvr_precision_flag
is 0, 1-pel resolution can be used. Also, when inter_affine_f-
lag is 1 and amvr_precision_flag is 0, /is-pel resolution can
be used. Also, when inter_affine_flag is 0 and amvr_preci-
sion_flag is 1, 4-pel resolution can be used. Also, when
inter_affine_flag is 1 and amvr_precision_flag is 1, 1-pel
resolution can be used.

If amvr_precision_{flag is 0, its value can be inferred to be
equal to 0.

According to an embodiment, resolution can be applied
by a MvShift value. Also, MvShift can be determined by
amvr_flag and amvr_precision_flag, which are information
about resolution of the motion vector difference. For
example, when inter_affine_flag is 0, the MvShift value may
be determined as follows.

MyvShift=(amvr_flag+amvr_precision_flag)<<<1

Also, a motion vector difference Mvd value may be
shifted based on the MvShift value. For example, the Mvd
(motion vector difference) can be shifted as follows, and
accordingly, resolution of AMVR can be applied.

MvdLX=MvdLX<<(MvShifi+2)

As another example, when inter_affine_flag (inter affine

flag) is 1, the MvShift value can be determined as follows.
MyvShift=amvr_precision_flag ? (amvr_precision_
flag<<1):(-(amvr_flag<<1))

Also, a control point motion vector difference MvdCp
value can be shifted based on the MvShift value. MvdCP
may be a control point motion vector difference or a control
point motion vector. For example, MvdCp (control point
motion vector difference) is shifted as follows, and accord-
ingly, resolution of AMVR may be applied.

MvdCpLX=MvdCpLX<<(MvShift+2)

Also, Mvd or MvdCp may be a value signaled by mvd_
coding.

Referring to FIG. 35, when CuPredMode is MODE_IBC,
amvr_flag, which is information about resolution of the
motion vector difference, may not exist. Also, when CuPred-
Mode is MODE_INTER, amvr_flag, which is information
about resolution of motion vector difference, may exist, and
in this case, it may be possible to parse amvr_{flag if a certain
condition is satisfied.

According to an embodiment of the present disclosure, it
can be determined whether to parse AMVR-related syntax
elements on the basis of a higher level signaling value
indicating whether AMVR can be used. For example, when
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the higher level signaling value indicating whether AMVR
can be used is 1, it is possible to parse AMVR-related syntax
elements. Also, when the higher level signaling value indi-
cating whether AMVR can be used is 0, AMVR-related
syntax elements may not be parsed. Referring to FIG. 35,
when CuPredMode is MODE_IBC and sps_amvr_enabled_
flag is 0, amvr_precision_flag (AMVR enabled flag), which
is information about resolution of motion vector difference,
may not be parsed. Also, when CuPredMode is MODE_IBC
and sps_amvr_enabled_flag (AMVR enabled flag) is 1,
amvr_precision_flag, which is information about resolution
of motion vector difference, can be parsed. In this case,
additional conditions for parsing may be considered.

For example, it is possible to parse amvr_precision_flag
when at least one non-zero value exists among MvdlLX
(plural motion vector differences) values. MvdLLX may be an
Mvd value for a reference list LX. Also, Mvd (motion vector
difference) can be signaled through mvd_coding. LX can
include LO (zeroth reference picture list) and L1 (first
reference picture list). Also, in MvdLX, a component cor-
responding to each of the x-axis and the y-axis may exist.
For example, the x-axis may correspond to the horizontal
axis of the picture, and the y-axis may correspond to the
vertical axis of the picture. Referring to FIG. 35, it may
indicate that [0] and [1] in MvdLX[x0][y0][0] and MvdLX
[x0][y0] are for the x-axis and y-axis components, respec-
tively. Also, when CuPredMode is MODE_IBC, it is pos-
sible to use only LO. Referring to FIG. 35, when 1)
sps_amvr_enabled_flag is 1 and 2) MvdLO[x0][yO][0] or
MvdlLO[x0][y0][1] is not O, amvr_precision_flag can be
parsed. Also, when 1) sps_amvr_enabled_flag is 0 or 2)
MvdLO[x0][y0][0] and MvdLO[x0][yO][ 1] are both 0, amvr_
precision_flag may not be parsed.

Also, there may be cases where CuPredMode is not
MODE_IBC. In this case, referring to FIG. 35, when
sps_amvr_enabled_flag is 1, inter_affine flag (inter affine
flag) is O, and at least one non-zero value exists among
MvdLX (plural motion vector differences) values, amvr_flag
can be parsed. Here, amvr_flag may be information about
resolution of the motion vector difference. Also, as already
described, sps_amvr_enabled_flag (AMVR enabled flag) of
1 may indicate the use of adaptive motion vector differential
resolution. Also, an inter_affine_flag (inter affine flag) of 0
may indicate that affine motion compensation is not used for
the current block. Also, as described with reference to FIG.
34, the plurality of motion vector differences for the current
block may be corrected on the basis of information about
resolution of the motion vector difference such as amvr_flag.
This condition may be called conditionA.

Also, when sps_affine_amvr_enabled flag (affine AMVR
enabled flag) is 1, inter_affine_flag (inter affine flag) is 1, and
at least one non-zero value exists among MvdCpL.X (plural
control motion vector differences) values, amvr_flag can be
parsed. Here, amvr_flag may be information about resolu-
tion of the motion vector difference. Also, as already
described, sps_affine_amvr_enabled_flag (affine AMVR
enabled flag) of 1 may indicate that adaptive motion vector
differential resolution can be used for affine motion com-
pensation. Also, inter_affine_flag (inter affine flag) of 1 can
indicate the use of affine motion compensation for the
current block. Also, as described with reference to FIG. 34,
the plurality of control point motion vector differences for
the current block can be corrected based on information
about the resolution of the motion vector difference such as
amvr_{flag. This condition may be called conditionB.

Also, if conditionA or conditionB is satisfied, amvr_flag
can be parsed. Also, if both conditionA and conditionB are
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not satisfied, amvr_flag, which is information about the
resolution of the motion vector difference, may not be
parsed. That is, when 1) sps_amvr_enabled_flag (AMVR
enabled flag) is 0, inter_affine_flag (inter affine flag) is 1, or
MvdLX (plural motion vector differences) is all 0, and 2)
sps_affine_amvr_enabled_flag is 0, inter_affine_flag (inter
affine flag) is 0, or MvdCpLX (plural control point motion
vector differences) values are all 0, amvr_flag may not be
parsed.

It is also possible to determine whether to parse amvr_
precision_flag based on the amvr_flag value. For example,
when the amvr_flag value is 1, amvr_precision_flag can be
parsed. Also, when the amvr_flag value is 0, parsing of
amvr_precision_flag may not be parsed.

Also, MvdCpLX (plural control motion vector differ-
ences) may mean a difference for a control point motion
vector. Also, MvdCpLX (plural control motion vector dif-
ferences) may be signaled through mvd_coding. LX may
include LO (zeroth reference picture list) and L1 (first
reference picture list). Also, in MvdCpLX, components
corresponding to control point motion vectors 0, 1, 2, etc.
may exist. For example, control point motion vectors 0, 1, 2,
etc. may be control point motion vectors corresponding to
preset positions based on the current block.

Referring to FIG. 35, it may indicate that [0], [1], and [2]
in MvdCpLX[x0][yO][O0][ 1, MvdCpLX[x0][yOI[1][ ], and
MvdCpLX[x0][y0][2][ ] correspond to control point motion
vectors 0, 1, and 2, respectively. Also, the MvdCpL.X (plural
control point motion vector differences) value correspond-
ing to control point motion vector 0 can be used for other
control point motion vectors. For example, control point
motion vector 0 may be used as used in FIG. 47. Also, in
MvdCpLX (plural control point motion vector differences),
components that respectively correspond to the x-axis and
the y-axis may exist. For example, the x-axis may corre-
spond to the horizontal axis of the picture, and the y-axis
may correspond to the vertical axis of the picture. Referring
to FIG. 35, it may indicate that [0] and [1] in MvdCpL.X
[x0][yO][ ][0] and MvdCpLX[x0][yO][ ][1] are for the x-axis
and y-axis components, respectively.

FIG. 36 is a diagram illustrating a higher level signaling
structure according to an embodiment of the present disclo-
sure.

Higher level signaling as described with reference to
FIGS. 34 to 35 may exist. For example, sps_affine_enabled_
flag (affine enabled flag), sps_affine_amvr_enabled_flag,
sps_amvr_enabled_flag (AMVR enabled flag), sps_affine_
type_flag, etc. may exist.

According to an embodiment of the present disclosure,
the higher level signaling described above may have parsing
dependency. For example, it can be determined whether or
not to parse other higher level signaling based on which
higher level signaling value.

According to an embodiment of the present disclosure, it
is possible to determine whether affine AMVR can be used
based on whether affine MC (affine motion compensation)
can be used. For example, it can be determined whether
affine AMVR can be used on the basis of higher level
signaling indicating whether affine MC can be used. More
specifically, it is possible to determine whether or not to
parse higher level signaling indicating whether affine
AMVR can be used on the basis of higher level signaling
indicating whether affine MC can be used.

In one embodiment, it is possible to use affine AMVR
when affine MC can be used. Also, when affine MC cannot
be used, affine AMVR may not be usable.

10

15

25

30

40

45

34

More specifically, if the higher level signaling indicating
whether affine MC can be used is 1, affine AMVR may be
usable. In this case, it is possible that additional signaling
exists. Also, when the higher level signaling indicating
whether affine MC can be used is 0, affine AMVR may not
be usable. For example, when higher level signaling indi-
cating whether affine MC can be used is 1, high level
signaling indicating whether affine AMVR can be used can
be parsed. Also, when high level signaling indicating
whether affine MC can be used is 0, higher level signaling
indicating whether affine AMVR can be used may not be
parsed. Also, when higher level signaling indicating whether
affine AMVR can be used does not exist, its value can be
inferred. For example, the value can be inferred to be equal
to 0. As another example, it can be inferred on the basis of
higher level signaling indicating whether affine MC can be
used. As another example, it can be inferred on the basis of
higher level signaling indicating whether AMVR can be
used.

According to an embodiment, affine AMVR may be
AMVR used for affine MC described with reference to
FIGS. 34 to 35. For example, high level signaling indicating
whether affine MC can be used may be sps_affine_enabled_
flag (affine enabled flag). Also, higher level signaling indi-
cating whether affine AMVR can be used may be
sps_affine_amvr_enabled_flag.

Referring to FIG. 36, when sps_affine_enabled_flag (af-
fine enabled flag) is 1, sps_affine_amvr_enabled_flag can be
parsed. Also, when sps_affine_enabled_flag (affine enabled
flag) is O, sps_affine_amvr_enabled_flag may not be parsed.
Also, when sps_affine_amvr_enabled_flag does not exist, its
value can be inferred to be equal to 0.

This may be because, in the embodiment of the present
disclosure, affine AMVR may be meaningful when using
affine MC.

FIG. 37 is a diagram illustrating a higher level signaling
structure according to an embodiment of the present disclo-
sure.

Higher level signaling as described with reference to
FIGS. 34 to 35 may exist. For example, sps_affine_enabled_
flag (affine enabled flag), sps_affine_amvr_enabled_flag (af-
fine AMVR enabled flag), sps_amvr_enabled_flag (AMVR
enabled flag), and sps_affine_type_{flag, etc. may exist.

According to an embodiment of the present disclosure,
the higher level signalings may have parsing dependency.
For example, it can be determined whether or not to parse
other higher level signaling based on a certain higher level
signaling value.

According to an embodiment of the present disclosure, it
is possible to determine whether affine AMVR can be used
on the basis of whether AMVR can be used. For example, it
can be determined whether affine AMVR can be used on the
basis of higher level signaling indicating whether AMVR
can be used. More specifically, it is possible to determine
whether or not to parse higher level signaling indicating
whether affine AMVR can be used on the basis of higher
level signaling indicating whether AMVR can be used.

In one embodiment, it is possible to use affine AMVR
when AMVR can be used. Also, when AMVR cannot be
used, affine AMVR may not be usable.

More specifically, when the higher level signaling indi-
cating whether AMVR can be used is 1, affine AMVR may
be usable. In this case, it is possible that additional signaling
exists. Also, when higher level signaling indicating whether
AMVR can be used is 0, affine AMVR may not be usable.
For example, when higher level signaling indicating whether
AMVR can be used is 1, high level signaling indicating
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whether affine AMVR can be used can be parsed. Also, when
high level signaling indicating whether AMVR can be used
is 0, higher level signaling indicating whether affine AMVR
can be used may not be parsed. Also, if there is no higher
level signaling indicating whether affine AMVR can be used,
its value can be inferred. For example, the value can be
inferred to be equal to 0. As another example, it can be
inferred on the basis of higher level signaling indicating
whether affine MC can be used. As another example, it can
be inferred on the basis of higher level signaling indicating
whether AMVR can be used.

According to an embodiment, affine AMVR may be
AMVR used for affine MC (affine motion compensation)
described with reference to FIGS. 34 to 35. For example,
high level signaling indicating whether AMVR can be used
may be sps_amvr_enabled_flag (AMVR enabled flag). Also,
higher level signaling indicating whether affine AMVR can
be used may be sps_affine_amvr_enabled_flag (affine
AMVR enabled flag).

Referring to FIG. 37(a), when sps_amvr_enabled_flag
(AMVR enabled flag) is 1, sps_affine_amvr_enabled_flag
(affine AMVR enabled flag) can be parsed. Also, when
sps_amvr_enabled_flag (AMVR enabled flag) is O,
sps_affine_amvr_enabled_flag (affine AMVR enabled flag)
may not be parsed. Also, when sps_affine_amvr_enabled_
flag (affine AMVR enabled flag) does not exist, its value
may be inferred to be equal to 0.

This may be because, in the embodiment of the present
disclosure, whether adaptive resolution is effective may vary
according to a sequence.

Also, whether or not affine AMVR can be used can be
determined by considering both whether or not affine MC
can be used and whether or not AMVR can be used. For
example, it is possible to determine whether or not to parse
higher level signaling indicating whether affine AMVR can
be used on the basis of higher level signaling indicating
whether affine MC can be used and higher level signaling
indicating whether AMVR can be used. According to an
embodiment, when both higher level signaling indicating
whether affine MC can be used and higher level signaling
indicating whether AMVR can be used are 1, higher level
signaling indicating whether affine AMVR can be used can
be parsed. Also, when higher level signaling indicating
whether affine MC can be used or higher level signaling
indicating whether AMVR can be used is 0, higher level
signaling indicating whether affine AMVR can be used may
not be parsed. Also, if higher level signaling indicating
whether affine AMVR can be used does not exist, its value
can be inferred.

Referring to FIG. 37(b), when both sps_affine_enabled_
flag (affine enabled flag) and sps_amvr_enabled_flag
(AMVR enabled flag) are 1, sps_affine_amvr_enabled_flag
(affine AMVR enabled flag) can be parsed. Also, when at
least one of sps_affine_enabled_flag (affine enabled flag)
and sps_amvr_enabled_flag (AMVR enabled flag) is O,
sps_affine_amvr_enabled_flag (affine AMVR enabled flag)
may not be parsed. Also, when sps_affine_amvr_enabled_
flag (affine AMVR enabled flag) does not exist, the value
may be inferred to be equal to 0.

More specifically, referring to FIG. 37(b), it may be
determined whether or not affine motion compensation can
be used based on sps_affine_enabled_flag (affine enabled
flag), at line 3701. As already described with reference to
FIGS. 34 to 35, when sps_affine_enabled_flag (affine
enabled flag) is 1, it may mean that affine motion compen-
sation can be used. Also, when sps_affine_enabled_flag
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(affine enabled flag) is 0, it may mean that affine motion
compensation cannot be used.

When it is determined that affine motion compensation is
used at line 3701 of FIG. 37(b), it may be determined
whether or not adaptive motion vector differential resolution
is used based on sps_amvr_enabled_flag (AMVR enabled
flag), at line 3702. As already described with reference to
FIGS. 34 to 35, when sps_amvr_enabled_flag (AMVR
enabled flag) is 1, it may mean that adaptive motion vector
differential resolution is used. When sps_amvr_enabled_flag
(AMVR enabled flag) is 0, it may mean that adaptive motion
vector differential resolution is not used.

When it is determined that affine motion compensation is
not used at line 3701, it may not be determined whether or
not adaptive motion vector differential resolution is used, on
the basis of sps_amvr_enabled_flag (AMVR enabled flag).
That is, line 3702 of FIG. 37(b) may not be performed.
Specifically, when affine motion compensation is not used,
sps_affine_amvr_enabled_flag (affine AMVR enabled flag)
may not be transmitted from the encoder to the decoder. That
is, the decoder may not receive sps_affine_amvr_enabled_
flag (affine AMVR enabled flag), and sps_affine_amvr_en-
abled_flag (affine AMVR enabled flag) may not be parsed by
the decoder. In this case, since sps_affine_amvr_enabled_
flag (affine AMVR enabled flag) does not exist, it may be
inferred to be equal to 0. As already described, when
sps_affine_amvr_enabled_flag (affine AMVR enablex flag)
is 0, it may indicate that adaptive motion vector differential
resolution cannot be used for affine motion compensation.

When it is determined that adaptive motion vector differ-
ential resolution is used at line 3702 of FIG. 37(b),
sps_affine_amvr_enabled_flag indicating whether or not
adaptive motion vector differential resolution can be used
for affine motion compensation may be parsed from the
bitstream, at line 3703.

When it is determined that adaptive motion vector differ-
ential resolution is not used at line 3702,
sps_affine_amvr_enabled_flag (affine AMVR enabled flag)
may not be parsed from the bitstream. That is, line 3703 of
FIG. 37(b) may not be performed. More specifically, when
affine motion compensation is used and adaptive motion
vector differential resolution is not used,
sps_affine_amvr_enabled_flag (affine AMVR enabled flag)
may not be transmitted from the encoder to the decoder. That
is, the decoder may not receive sps_affine_amvr_enabled_
flag (affine AMVR enabled flag). The decoder may not parse
sps_affine_amvr_enabled_flag (affine AMVR enabled flag)
from the bitstream. In this case, since sps_affine_amvr_en-
abled_flag (affine AMVR enabled flag) does not exist, it may
be inferred to be equal to 0. As already described, when
sps_affine_amvr_enabled_flag (affine AMVR enabled flag)
is 0, it may indicate that adaptive motion vector differential
resolution cannot be used for affine motion compensation.

By checking sps_affine_enabled_flag (affine enabled flag)
first and sps_amvr_enabled_flag (AMVR enabled flag) is
checked next as illustrated in FIG. 37(b), an unnecessary
process can be reduced and efficiency can be increased. For
example, when sps_amvr_enabled_flag (AMVR enabled
flag) is checked first and sps_affine_enabled_flag (affine
enabled flag) is checked next, sps_affine_enabled_flag (af-
fine enabled flag) may need to be checked once again in
order to derive sps_aftine_type_flag at the 7-th line. How-
ever, by checking sps_affine_enabled_flag (affine enabled
flag) first and sps_amvr_enabled_flag (AMVR enabled flag)
next, this unnecessary process can be reduced.
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FIG. 38 is a diagram illustrating a coding unit syntax
structure according to an embodiment of the present disclo-
sure.

As described with reference to FIG. 35, it is possible to
determine whether or not to parse AMVR-related syntax
based on whether or not at least one non-zero value exists
among MvdLX or MvdCpLX. However, MvdLX (motion
vector difference) or MvdCpL.X (control point motion vector
difference) may be different depending on which reference
list (reference picture list) is used, how many parameters the
affine model uses, etc. If an initial value of MvdLX or
MvdCpLX is not 0, since MvdLX or MvdCpL.X not used in
the current block is not 0, an unnecessary AMVR-related
syntax element is signaled, and mismatch between the
encoder and the decoder can be generated. FIGS. 38 to 39
can describe a method of not generating mismatch between
the encoder and the decoder.

According to an embodiment, inter_pred_idc (informa-
tion about the reference picture list) may indicate which
reference list is used or what the prediction direction is. For
example, inter_pred_idc (information about the reference
picture list) may be a value of PRED_LO, PRED_L.1, or
PRED_BI. If inter_pred_idc (information about the refer-
ence picture list) is PRED_L.0O, only reference list 0 (zeroth
reference picture list) may be used. Also, when inter_pre-
d_ide (information about the reference picture list) is
PRED_L1, only reference list 1 (first reference picture list)
may be used. Also, when inter_pred_idc (information about
the reference picture list) is PRED_BI, both reference list 0
(zeroth reference picture list) and reference list 1 (first
reference picture list) may be used. When inter_pred_idc
(information about the reference picture list) is PRED_LO or
PRED_L1, it may be uni-prediction. Also, when inter_pre-
d_ide (information about the reference picture list) is
PRED_BI, it may be bi-prediction.

It is also possible to determine affine model to be used on
the basis of a MotionModelldc value. It is also possible to
determine whether to use affine MC on the basis of the
MotionModelldc value. For example, MotionModelldc can
indicate translational motion, 4-parameter affine motion, or
6-parameter affine motion. For example, when the Motion-
Modelldc value is 0, 1, and 2, translational motion, 4-pa-
rameter affine motion, and 6-parameter affine motion can be
indicated, respectively. Also, according to an embodiment,
MotionModelldc can be determined on the basis of inter
affine_flag (inter affine flag) and cu_affine_type flag. For
example, when merge flag is 0 (not merge mode), Motion-
Modelldc can be determined on the basis of inter_affine_flag
(inter affine flag) and cu_affine_type_flag. For example,
MotionModelldx may be (inter_affine_flag+cu_affine_
type_flag). According to another embodiment, MotionMod-
elldc can be determined by merge_subblock_flag. For
example, when merge flag is 1 (merge mode), MotionMod-
elldc can be determined by merge_subblock_flag. For
example, the MotionModelldc value may be set to a merge_
subblock_flag value.

For example, when inter_pred_idc (information about the
reference picture list) is PRED_LO or PRED_BI, it is
possible to use a value corresponding to LO in MvdlLX
(motion vector difference) or MvdCpLX (control point
motion vector difference). Therefore, when parsing AMVR-
related syntax, MvdL0 or MvdCpL0O can be considered only
when inter_pred_idc (information about the reference pic-
ture list) is PRED_LO or PRED_BI. That is, when inter_
pred_idc (information about the reference picture list) is
PRED_L1, it is possible not to consider MvdLLO (motion
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vector difference for the zeroth reference picture list) or
MvdCpL.O (control point motion vector difference for the
zeroth reference picture list).

Also, when inter_pred_idc (information about the refer-
ence picture list) is PRED_L1 or PRED_BI, it is possible to
use a value corresponding to [.1 in MvdLX or MvdCpLX.
Therefore, when parsing the AMVR-related syntax, MvdL.1
(motion vector difference for the first reference picture list)
or MvdCpL1 (control point motion vector difference for the
first reference picture list) can be considered only when
inter_pred_idc (information about the reference picture list)
is PRED_L1 or PRED_BI. That is, when inter_pred_idc
(information about the reference picture list) is PRED_LO, it
is possible not to consider MvdlL1 or MvdCpL.1.

Referring to FIG. 38, it is possible to determine, for
MvdlL0 and MvdCpL0, whether or not to parse AMVR-
related syntax according to whether their values are not 0
only when inter_pred_idc is not PRED_L.1. That is, when
inter_pred_idc is PRED_L1, even if a non-zero value exists
in MvdlLO or a non-zero value exists in MvdCpL.0, the
AMVR-related syntax may not be parsed.

Also, when MotionModelldc is 1, it is possible to con-
sider only MvdCpLX[x0][y0][O][ ], MvdCpLX[x0][y0][1]
[ ] among MvdCpLX[x0][yO][0][ ] and MvdCpLX[x0][y0]
[1]] 1, MvdCpLX[x0][y0][2][ ]. That is, when MotionMod-
elldc is 1, it is possible not to consider MvdCpLX[x0][y0]
[2]] ]. For example, when MotionModellde is 1, whether or
not a non-zero value exists in MvdCpLX[x0][yO0][2][ ] may
not affect whether or not to parse AMVR-related syntax.

Also, when MotionModelldc is 2, it is possible to con-
sider all of MvdCpLX[x0][y0][0][ ], MvdCpLX[x0][y0][1]
[ 1, and MvdCpLX[x0][yO0][2][ ]. That is, when MotionMod-
elldc is 2, it is possible to consider MvdCpLX[x0][yO0][2][ ].

Also, in the above embodiment, what is expressed as
MotionModelldc 1 or 2 may be represented as cu_affine_
type_flag is O or 1. This may be because it can determine
whether or not to use affine MC. For example, whether or
not to use affine MC can be determined through inter_
affine_flag (inter affine flag).

Referring to FIG. 38, whether a non-zero value exists in
MvdCpLX[x0][y0][2][ ] can be considered only when
MotionModellde is 2. When MvdCpLX[x0][yO][0][ ] and
MvdCpLX[x0][y0][1][ ] are all 0 and a non-zero value exists
in MvdCpLX[x0][y0][2 (according to the previous embodi-
ment, only one of L.O and [.1 may be considered by dividing
L0 and L1 here), if MotionModelldc is not 2, the AMVR-
related syntax may not be parsed.

FIG. 39 is a diagram illustrating MVD default value
setting according to an embodiment of the present disclo-
sure.

As described above, MvdLX (motion vector difference)
or MvdCpLX (control point motion vector difference) can
be signaled through mvd_coding. Also, an IMvd value can
be signaled through mvd_coding, and MvdLX or MvdCpL.X
can be set as an IMvd value. Referring to FIG. 39, when
MotionModelldc is 0, MvdLX can be set through the IMvd
value. Also, when MotionModelldc is not 0, MvdCpLLX can
be set through IMvd value. Also, depending on a refList
value, it is possible to determine which operation corre-
sponding to any of the LX to be performed.

Also, mvd_coding as described with reference to FIG. 10
or FIG. 33, FIG. 34, and FIG. 35 may exist. Also, mvd_
coding may include a step of parsing or determining
abs_mvd_greater(_flag, abs_mvd_greater_flag, abs_mvd_
minus2, mvd_sign_flag, etc. Also, IMvd can be determined
through abs_mvd_greater0_flag, abs_mvd_greater]l_flag,
abs_mvd_minus2, mvd_sign_flag, etc.
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Referring to FIG. 39, IMvd may be set as follows.

IMvd=abs_mvd_greater0_flag*(abs_mvd_minus2+2)
*(1-2*mvd_sign_flag)

It is possible to set a default value of MvdLX (motion
vector difference) or MvdCpL.X (control point motion vector
difference) to a preset value. According to an embodiment of
the present disclosure, it is possible to set the default value
of MvdLX or MvdCpLX to 0. Alternatively, it is possible to
set the default value of IMvd to a preset value. Alternatively,
it is possible to set a default value of a related syntax element
so that the value of IMvd, MvdLX, or MvdCpLX becomes
a preset value. The default value of the syntax element may
mean a value to be inferred when the syntax element does
not exist. The preset value may be O.

According to an embodiment of the present disclosure,
abs_mvd_greater(_flag can indicate whether the absolute
value of the MVD is greater than 0 or not. Also, according
to an embodiment of the present disclosure, when
abs_mvd_greater(Q_flag does not exist, its value can be
inferred to be equal to 0. In this case, the IMvd value can be
set to 0. Also, in this case, MvdLLX or MvdCpLX value can
be set to 0.

Alternatively, according to an embodiment of the present
disclosure, when the IMvd, MvdLX, or MvdCpLX value is
not set, its value may be set as a preset value. For example,
the value can be set to O.

Also, according to an embodiment of the present disclo-
sure, when abs_mvd_greater0_flag does not exist, the cor-
responding IMvd, MvdLX, or MvdCpL.X value can be set to
0.

Also, abs_mvd_greater]_flag may indicate whether the
absolute value of MVD is greater than 1 or not. Also, when
abs_mvd_greater_flag does not exist, its value can be
inferred to be equal to 0.

Also, (abs_mvd_minus2+2) can indicate an absolute
value of MVD. Also, when the value of abs_mvd_minus2
does not exist, it can be inferred to be equal to -1.

Also, mvd_sign_flag can indicate the sign of MVD. When
mvd_sign_flag is 0 and 1, it may indicate that the corre-
sponding MVDs have positive and negative values, respec-
tively. If mvd_sign_flag does not exist, the value can be
inferred to be equal to 0.

FIG. 40A and FIG. 40B illustrate MVD default value
setting according to an embodiment of the present disclo-
sure.

By setting the initial value of MvdLLX or MvdCpLX to O,
MvdLX (plural motion vector differences) or MvdCpL.X
(plural control point motion vector differences)) value can
be initialized as described with reference to FIG. 39 in order
not to generate mismatch between the encoder and the
decoder. Also, in this case, the initialized value may be 0.
The embodiment of FIG. 40A and FIG. 40B describes this
in more detail.

According to an embodiment of the present disclosure,
MvdLX (plural motion vector differences) or MvdCpL.X
(plural control point motion vector differences) values can
be initialized to a preset value. Also, the initializing position
may be ahead of the positions at which AMVR-related
syntax elements are parsed. The AMVR-related syntax ele-
ments may include amvr_flag, amvr_precision_{flag, etc. of
FIG. 40A and FIG. 40B. The amvr_flag or amvr_precision_
flag may be information about resolution of the motion
vector difference.

Also, resolution of MVD (motion vector difference) or
MV (motion vector) or resolution, which is signaled, of
MVD or MV can be determined by the AMVR-related
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syntax elements. Also, the preset value used for initialization
in the embodiments of the present disclosure may be 0.

Since MvdLLX and MvdCpL.X values between the encoder
and the decoder can be the same when parsing AMVR-
related syntax elements by performing initialization, mis-
match between encoder and decoder may not be generated.
Also, by performing initialization to be set to a value of 0,
AMVR-related syntax elements may not be included in the
bitstream unnecessarily.

According to an embodiment of the present disclosure,
MvdLX can be defined for a reference list (L0, L1, etc.), an
X- or y-component, etc. Also, MvdCpLX can be defined for
the reference list (LO, L1, etc.), x- or y-component, control
point 0, 1, or 2, etc.

According to an embodiment of the present disclosure, it
is possible to initialize both MvdLX or MvdCpLX values.
Also, the initializing position may be ahead of the position
at which mvd_coding for the corresponding MvdLX or
MvdCpLX is performed. For example, it is possible to
initialize MvdLLX or MvdCpLX corresponding to LO even in
a prediction block using only L.O. Condition check may be
required in order to initialize only those for which initial-
ization is essential, but by performing initialization without
distinction in this way, the burden of condition check can be
reduced.

According to another embodiment of the present disclo-
sure, it is possible to initialize a value corresponding to
MvdLX or MvdCpLX value, whichever is not used. Here,
the value not being used may mean that the value is not used
in the current block. For example, a value corresponding to
a reference list that is not currently used among MvdLX or
MvdCpLX can be initialized. For example, when LO is not
used, the value corresponding to MvdLLO or MvdCpL.O can
be initialized. L.O may not be used when inter pred_idc is
PRED_L1. Also, when L1 is not used, the value correspond-
ing to MvdLL1 or MvdCpL1 can be initialized. .1 may not
be used when inter_pred_idc is PRED_L0. LO may be used
when inter_pred_idc is PRED_LO or PRED_BI, and L.1 may
be used when inter_pred_idc is PRED_L.1 or PRED_BI.
Referring to FIG. 40A and FIG. 40B, when inter pred_idc is
PRED_L1, MvdLO[x0][y0][0], MvdLO[x0][y0][1],
MvdCpL0[x0][y0][0][0], MvdCpLO[x0][y0][0][ 1],
MvdCpLO[x0][y0][1][0], MvdCpLO[x0][yO0][1][1],
MvdCpLO[x0][y0][2][0], and MvdCpLO[x0][y0][2][1] can
be initialized. Also, the initialized value may be 0. Also,
when inter_pred_idc is PRED_LO, MvdL1[x0][y0][0],
MvdL1[x0][y0][1], MvdCpL[x0][y0][0][0], MvdCpL[x0]
[yOI[0][1], MvdCpL[x0][y0][1][0], MvdCpL1[x0][y0][1]
[1], MvdCpL1[x0][y0][2][0], and MvdCpL1[x0][y0][2][1]
can be initialized. Also, the initialized value may be 0.

MvdLX[x][y][compldx] may be a motion vector differ-
ence for a (x, y) position for reference list LX and compo-
nent index compldx. MvdCpLX[x][y][cpldx][compldx]
may be a motion vector difference for reference list LX.
Also, MvdCpLX[x][y][cpldx][compldx] may be a motion
vector difference for the position (X, y), control point motion
vector index cpldx, and component index compldx. Here,
the component may indicate an X or y component.

Also, according to an embodiment of the present disclo-
sure, MvdLX (motion vector difference) or MvdCpLX (con-
trol point motion vector difference), whichever is not used,
may depend on whether affine motion compensation is used
or not. For example, MvdLLX can be initialized when affine
motion compensation is used. Also, MvdCpLX can be
initialized when affine motion compensation is not used. For
example, a signaling indicating whether affine motion com-
pensation is used may exist. Referring to FIG. 40A and FIG.
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40B, inter_affine_flag (inter affine flag) may be signaling
indicating whether affine motion compensation is used. For
example, when inter_aftine_flag (inter affine flag) is 1, affine
motion compensation may be used. Alternatively, Motion-
Modelldc may be signaling indicating whether affine motion
compensation is used. For example, when MotionModelldc
is not 0, affine motion compensation may be used.

Also, according to an embodiment of the present disclo-
sure, MvdLX or MvdCpLLX, whichever is not used, may
relate to which affine motion model is used. For example,
MvdLX or MvdCpLX that is not used can be different
depending on whether the 4-parameter affine model or the
6-parameter affine model is used. For example, depending
on which affine motion model is used, MvdCpLX that is not
used for cpldx of MvdCpLX[x][y][cpldx][compldx] can be
different. For example, when using the 4-parameter affine
model, only a part of MvdCpLX[x][y][cpldx][compldx] can
be used. Alternatively, when the 6-parameter affine model is
not used, only a part of MvdCpLX[x][y][cpldx][compldx]
can be used. Therefore, MvdCpLX that is not used can be
initialized to a preset value. In this case, MvdCpLX that is
not used may correspond to cpldx used in the 6-parameter
affine model and not used in the 4-parameter affine model.
For example, when the 4-parameter affine model is used, a
value in which cpldx of MvdCpLX[x][y][cpldx][compldx]
is 2 may not be used, and this may be initialized to a preset
value. Also, as described above, signaling or a parameter
indicating whether the 4-parameter affine model or the
6-parameter affine model is used may exist. For example, it
can be known whether the 4-parameter affine model is used
or the 6-parameter affine model is used by MotionModelldc
or cu_afline_type_flag. MotionModelldc values of 1 and 2
may indicate that the 4-parameter affine model and the
6-parameter affine model are used, respectively. Referring to
FIG. 40A and FIG. 40B, when MotionModelldc is 1, it is
possible to initialize MvdCpLO[x0][y0][2][0], MvdCpLO
[x0][y0][2][1], MvdCpL1[x0][y0][2][0] and MvdCpL1[x0]
[vO][2][1] to preset values. Also, in this case, it is possible
to use a condition when MotionModelldc is not 2 instead of
when MotionModelldc is 1. The preset value may be O.

Also, according to an embodiment of the present disclo-
sure, MvdLLX or MvdCpLX, whichever is not used, can be
based on a value of mvd_11_zero_flag (motion vector
difference zero flag for the first reference picture list). For
example, when mvd_11_zero_flag is 1, it is possible to
initialize MvdLL.1 and MvdCpL1 to preset values. Also, in
this case, additional conditions may be considered. For
example, MvdLX or MvdCpLX, whichever is not used, may
be determined on the basis of mvd_11_zero_flag and inter_
pred_idc (information about the reference picture list). For
example, when mvd_11_zero_flag is 1 and inter_pred_idc is
PRED_BI, it is possible to initialize MvdL1 and MvdCpL.1
to preset values. For example, mvd_11_zero_flag (motion
vector difference zero flag for the first reference picture list)
may be higher level signaling that may indicate that MVD
values (e.g., MvdLX or MvdCpLX) for reference list L1 are
0. Signaling may mean a signal transmitted from the encoder
to the decoder through the bitstream. The decoder may parse
mvd_11_zero_flag (motion vector difference zero flag for
the first reference picture list) from the bitstream.

According to another embodiment of the present disclo-
sure, it is possible to initialize all Mvd and MvdCp to preset
values before performing mvd_coding for a certain block. In
this case, mvd_coding may mean all mvd_codings for a
certain CU. Therefore, parsing the mvd_coding syntax and
initializing the determined Mvd or MvdCp value can be

5

10

15

20

25

30

35

40

45

50

55

60

65

42

prevented from being generated, and the problem described
above can be solved by initializing all Mvd and MvdCp
values.

FIG. 41 is a diagram illustrating an AMVR-related syntax
structure according to an embodiment of the present disclo-
sure.

The embodiment of FIG. 41 may be based on the embodi-
ment of FIG. 38.

As described with reference to FIG. 38, it may be checked
whether at least one non-zero value exists among MvdlLX
(motion vector difference) and MvdCpL.X (control point
motion vector difference). In this case, MvdLX or
MvdCpLX to be checked can be determined on the basis of
mvd_11_zero flag (a motion vector difference zero flag for
the first reference picture list). Therefore, it is possible to
determine whether or not parse AMVR-related syntax on the
basis of mvd_11_zero_flag. As described above, when
mvd_11_zero_flag is 1, it may indicate that MVDs (motion
vector differences) for reference list [.1 are 0 and thus, in this
case, MvdL1 (motion vector difference for the first reference
picture list) or MvdCpL1 (control point motion vector
difference for first reference picture list) may not be con-
sidered. For example, when mvd_11_zero_flag is 1, regard-
less of whether MvdlL1 or MvdCpL.1 is O or not, AMVR-
related syntax can be parsed based on whether or not at least
one value equal to 0 exists among MvdLO (motion vector
difference for the zeroth reference picture list) or MvdCpL.O
(control point motion vector difference for the Oth reference
picture list). According to an additional embodiment, the
mvd_11_zero_flag indicating that the MVDs for reference
list L1 are 0 may only be for a block which is bi-prediction.
Therefore, AMVR-related syntax can be parsed on the basis
of mvd_11_zero_flag and inter_pred_idc (information about
the reference picture list). For example, MvdLX or
MvdCpLX for judging whether or not at least one non-zero
value exists on the basis of mvd_11_zero_flag and inter_
pred_idc (information about the reference picture list) may
be determined. For example, MvdlL1 or MvdCpL.1 may not
be considered on the basis of mvd_11_zero_flag and inter_
pred_idc. For example, when mvd_11_zero_flag is 1 and
inter_pred_idc is PRED_BI, MvdL.1 or MvdCpL.1 may not
be considered. For example, when mvd_11_zero_flag is 1
and inter_pred_idc is PRED_BI, the AMVR-related syntax
can be parsed on the basis of whether or not at least one
value of 0 exists among MvdL.O or MvdCpL0 regardless of
whether MvdLL1 or MvdCpL1 is O.

Referring to FIG. 41, when mvd_11_zero_flag is 1 and
inter_pred_idc[x0][y0]==PRED_BI, an operation regardless
of whether a non-zero value exists among MvdL1[x0][y0]
[01, MvdL1[x0][y0][1], MvdCpL1[x0][y0][0][0],
MvdCpL1[x0][y0][0][1], MvdCpL1[x0][y0][1][0],
MvdCpL1[x0][yO0][1][1], MvdCpL1[x0][y0][2][0], and
MvdCpL1[x0][y0][2][1] can be performed. For example,
when mvd_11_zero_flag is 1 and inter_pred_idc[x0][y0]
=PRED_BI, if a non-zero value does not exist among
MvdlLO or MvdCpLO, AMVR-related syntax may not be
parsed even if the non-zero value exists among MvdL1[x0]

[yO][0], MvdL1[x0][y0][1], MvdCpL1[x0][yO][0][O],
MvdCpL1[x0][y0][0][1], MvdCpL1[x0][y0][1][0],
MvdCpL[xO0][yO][1][1]. MvdCpL1[x0][y0][2][0], and

MvdCpL1[x0][y0][2][1].

Also, when mvd_11_zero_flag is O or inter_pred_idc[x0]
[y0] '=PRED_BI, whether a non-zero value exists among
MvdL1[x0][y0][0], MvdL1[x0][y0][1], MvdCpL1[x0][y0]
[0][0], MvdCpL1[x0][y0][0][1], MvdCpL[x0][y0][1][0],
MvdCpL[x0][y0][1][1], MvdCpL1[x0][y0][2][0], and
MvdCpL1[x0][y0][2][1] may be considered. For example,
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when mvd_11_zero_flag is O or inter pred_idc[x0][y0]
1=PRED_BI, if a non-zero value exists among MvdL1[x0]
[y0][0], ~ MvdL1[x0][y0][1], ~ MvdCpL1[x0][y0][0][O],
MvdCpL1[x0][y0][0][1], MvdCpL1[x0][y0][1][0],
MvdCpL1[x0][yO0][1][1], MvdCpL1[x0][y0][2][0], and
MvdCpL1[x0][y0][2][1], AMVR-related syntax can be
parsed. For example, when mvd_11_zero_flag is O or inter_
pred_ide[x0][y0] '=PRED_BI, if a non-zero value exists
among MvdL1[x0][y0][0], MvdL1[x0][yO0][1], MvdCpL.1
[x0][y0][0][0], MvdCpL1[x0][y0][0][1], MvdCpL1[x0][y0]
[1110], MvdCpL1[x0][y0][1][1], MvdCpL1[x0][y0][2][0],
and MvdCpL1[x0][y0][2][1], AMVR-related syntax can be
parsed even if both MvdLLO and MvdCpLO are 0.

FIG. 42A and FIG. 42B illustrate an inter prediction-
related syntax structure according to an embodiment of the
present disclosure.

According to an embodiment of the present disclosure,
mvd_11_zero_flag (motion vector difference zero flag for
the first reference picture list) may be signaling indicating
that Mvd (motion vector difference) values for reference list
L1 (first reference picture list) are 0. Also, this signaling may
be signaled at a higher level than the current block. There-
fore, Mvd values for reference list L1 in a plurality of blocks
may be 0 on the basis of the mvd_11_zero_flag value. For
example, when the mvd_11_zero_flag value is 1, the Mvd
values for reference list .1 may be 0. Alternatively, the Mvd
values for reference list L1 may be O on the basis of
mvd_11_zero_flag and inter_pred_idc (information about
the reference picture list). For example, when
mvd_11_zero_flag is 1 and inter_pred_idc is PRED_BI, the
Mvd values for reference list L1 may be 0. In this case, the
Mvd values may be MvdL1[x][y][compldx]. Also, in this
case, the Mvd values may not mean control point motion
vector differences. That is, in this case, the Mvd values may
not mean MvdCp values.

According to another embodiment of the present disclo-
sure, mvd_11_zero_flag may be signaling indicating that the
Mvd and MvdCp values for reference list L1 are 0. Also, this
signaling may be signaled at a higher level than the current
block. Therefore, the Mvd and MvdCp values for reference
list .1 in a plurality of blocks may be 0. For example, when
the mvd_11_zero_flag value is 1, the Mvd and MvdCp
values for reference list L1 may be O on the basis of the
mvd_11_zero_flag value. Alternatively, the Mvd and
MvdCp values for reference list L1 may be 0 on the basis of
the mvd_11_zero_{flag value, mvd_11_zero_flag and inter_
pred_idc. For example, when mvd_11_zero_flag is 1 and
inter_pred_idc is PRED_BI, the Mvd and MvdCp values for
reference list L1 may be 0. In this case, the Mvd values may
be MvdL1[x][y][compldx]. Also, the MvdCp values may be
MvdCpL1[x][y][cpldx][compldx].

Alternatively, the Mvd or MvdCp values of 0 may mean
that the corresponding mvd_coding syntax structure is not
parsed. That is, for example, when the wvalue of
mvd_11_zero_flag is 1, the mvd_coding syntax structure
corresponding to MvdLL.1 or MvdCpL.1 may not be parsed.
Also, when the mvd_11_zero_flag value is 0, the mvd_cod-
ing syntax structure corresponding to MvdL.1 or MvdCpL.1
can be parsed.

According to an embodiment of the present disclosure,
when the Mvd or MvdCp values are 0 on the basis of
mvd_11_zero_flag, signaling indicating MVP may not be
parsed. Signaling indicating MVP may include
mvp_11_flag. Also, according to the description of
mvd_11_zero_flag  described above, signaling of
mvd_11_zero_flag may mean indicating that it is O for both
Mvd and MvdCp. For example, when a condition indicating
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that the Mvd or MvdCp values for reference list L1 is O is
satisfied, signaling indicating MVP may not be parsed. In
this case, signaling indicating MVP may be inferred to a
preset value. For example, when signaling indicating MVP
does not exist, its value may be inferred to be equal to 0.
Also, when the condition indicating that the Mvd or MvdCp
values are 0 on the basis of mvd_11_zero_flag is not
satisfied, signaling indicating MVP can be parsed. However,
in this embodiment, when the Mvd or MvdCp values are 0,
the degree of freedom in selecting MVP may be lost, and
thus coding efficiency may be reduced.

More specifically, when the condition indicating that the
Mvd or MvdCp values for reference list L1 are 0 is satisfied
and affine MC is used, signaling indicating MVP may not be
parsed. In this case, signaling indicating MVP may be
inferred to a preset value.

Referring to FIG. 42A and FIG. 42B, when
mvd_11_zero_flag is 1 and the inter_pred _idc value is
PRED_BI, mvp_11_flag may not be parsed. Also, in this
case, the value of mvp_11_flag may be inferred to be equal
to 0. Alternatively, when mvd_11_zero_flag is O or the
inter_pred_idc value is not PRED_BI, mvp_11_flag can be
parsed.

In this embodiment, determining whether or not to parse
signaling indicating MVP on the basis of mvd_11_zero_flag
can occur when a specific condition is satisfied. For
example, the specific condition may include a condition in
which general_merge_flag is 0. For example, general m-
erge_flag may have the same meaning as merge_flag
described above. Also, the specific condition may include a
condition based on CuPredMode. More specifically, the
specific condition may include a condition in which CuPred-
Mode is not MODE_IBC. Alternatively, the specific condi-
tion may include a condition in which CuPredMode is
MODE_INTER. When CuPredMode is MODE_IBC, it is
possible to use prediction with the current picture as a
reference. Also, when CuPredMode is MODE_IBC, a block
vector or motion vector corresponding to the block may
exist. When CuPredMode is MODE_INTER, it is possible
to use prediction with a picture other than the current picture
as a reference. When CuPredMode is MODE_INTER, a
motion vector corresponding to the block may exist.

Therefore, according to the embodiment of the present
disclosure, when general_merge_flag is 0, CuPredMode is
not MODE_IBC, mvd_11_zero_flagis 1, and inter_pred_idc
is PRED_BIL mvp_11_flag may not be parsed. Also, when
mvp_11_flag does not exist, its value can be inferred to be
equal to 0.

More specifically, when general_merge_{flag is 0, CuPred-
Mode is not MODE_IBC, mvd_11_zero_flag is 1, inter_pre-
d_idc is PRED_BI, and affine MC is used, mvp_11_flag may
not be parsed. Also, when mvp_11_flag does not exist, its
value can be inferred to be equal to 0.

Referring to FIG. 42A and FIG. 42B, sym_mvd_{lag may
be signaling indicating symmetric MVD. In the case of
symmetric MVD, another MVD may be determined on the
basis of a certain MVD. In the case of symmetric MVD,
another MVD may be determined on the basis of explicitly
signaled MVD. For example, in the case of symmetric
MVD, MVD for another reference list may be determined on
the basis of MVD for one reference list. For example, in the
case of symmetric MVD, MVD for reference list .1 may be
determined on the basis of MVD for reference list LO. When
determining another MVD based on a certain MVD, it is
possible to determine a value obtained by inverting the sign
of the certain MVD as the other MVD.
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FIG. 43A and FIG. 43B illustrate an inter prediction-
related syntax structure according to an embodiment of the
present disclosure.

The embodiment of FIG. 43A and FIG. 43B may be an
embodiment for solving the problem described with refer-
ence to FIG. 42A and FIG. 42B.

According to an embodiment of the present disclosure,
when the Mvd (motion vector difference) or MvdCp (control
point motion vector difference) values are 0 on the basis of
mvd_11_zero_flag (motion vector difference zero flag for
the first reference picture list), it is possible to parse signal-
ing indicating MVP (motion vector predictor). Signaling
indicating MVP may include mvp_11_flag (motion vector
predictor index for the first reference picture list). Also,
according to the description of mvd_11_zero_flag described
above, mvd_11_zero_flag signaling may mean indicating
that it is 0 for both Mvd and MvdCp. For example, when the
condition indicating that the Mvd or MvdCp values for
reference list L1 (first reference picture list) is O is satisfied,
signaling indicating the MVP may be parsed. Therefore,
signaling indicating MVP may not be inferred. Therefore,
even when the Mvd or MvdCp value is 0 on the basis of
mvd_11_zero_flag, it is possible to have the degree of
freedom in selecting MVP. Therefore, coding efficiency may
be improved. Also, even when the condition indicating that
Mvd or MvdCp values are O is not satisfied on the basis of
mvd_11_zero_flag, signaling indicating MVP can be parsed.

More specifically, when the condition indicating that the
Mvd or MvdCp values for reference list L1 are 0 is satisfied
and affine MC is used, signaling indicating MVP can be
parsed.

Referring to line 4301 of FIG. 43A, information inter_
pred_idc about the reference picture list for the current block
may be obtained. Referring to line 4302, when information
inter_pred_idc about the reference picture list indicates that
only the zeroth reference picture list list O is not used, motion
vector predictor index mvp_11_flag of the first reference
picture list list 1 can be parsed from the bitstream, at line
4303.

The mvd_11_zero_flag (motion vector difference zero
flag) can be obtained from the bitstream. The
mvd_11_zero_flag (motion vector difference zero flag) can
indicate whether or not MvdLX (motion vector difference)
and MvdCpLX (plural control point motion vector differ-
ences) are set to O for the first reference picture list.
Signaling may mean a signal transmitted from the encoder
to the decoder through the bitstream. The decoder may parse
mvd_11_zero_flag (motion vector difference zero flag) from
the bitstream.

When mvd_11_zero_flag (motion vector difference zero
flag) is 1 and inter_pred_idc (information about the refer-
ence picture list) is PRED_BI, mvp_11_flag (motion vector
predictor index) can be parsed. Here, PRED_BI may indi-
cate that both list 0 (zeroth reference picture list) and list 1
(first reference picture list) are used. Alternatively, when
mvd_11_zero_flag (motion vector difference zero flag) is 0
or inter_pred_idc (information about the reference picture
list) is not PRED_BI, mvp_11_flag (motion vector predictor
index) can be parsed. That is, when mvd_11_zero_flag
(motion vector difference zero flag) is 1, regardless of
whether inter_pred_idc (information about the reference
picture list) indicates that both the zeroth reference picture
list and the first reference picture list are used, mvp_11_flag
(motion vector predictor index) can be parsed.

In this embodiment, determining Mvd and MvdCp on the
basis of mvd_11_zero_flag (motion vector difference zero
flag of the first reference picture list) and parsing signaling
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indicating MVP can occur when a specific condition is
satisfied. For example, the specific condition may include a
condition in which general_merge_flag is 0. For example,
general_merge_flag may have the same meaning as merge
flag described above. Also, the specific condition may
include a condition based on CuPredMode. More specifi-
cally, the specific condition may include a condition in
which CuPredMode is not MODE_IBC. Alternatively, the
specific condition may include a condition in which CuPred-
Mode is MODE_INTER. When CuPredMode is MOD-
E_IBC, it is possible to use prediction with the current
picture as a reference. Also, when CuPredMode is MOD-
E_IBC, a block vector or motion vector corresponding to the
block may exist. If CuPredMode is MODE_INTER, it is
possible to use prediction with a picture other than the
current picture as a reference. When CuPredMode is MOD-
E_INTER, a motion vector corresponding to the block may
exist.

Therefore, according to the embodiment of the present
disclosure, when general_merge_flag is 0, CuPredMode is
not MODE_IBC, mvd_11_zero_flagis 1, and inter_pred_idc
is PRED_BI, mvp_11_flag may be parsed. Therefore,
mvp_11_flag (motion vector predictor index for the first
reference picture list) exists, and its value may not be
inferred.

More specifically, when general_merge_{flag is 0, CuPred-
Mode is not MODE_IBC, mvd_11_zero_flag (motion vector
difference zero flag for the first reference picture list) is 1,
inter_pred_idc (information about the reference picture list)
is PRED_BI, and affine MC is used, mvp_11_flag can be
parsed. Also, mvp_11_flag (motion vector predictor index
for the first reference picture list) exists, and its value may
not be inferred.

It is also possible to implement the embodiment of FIGS.
43, 40A and 40B together. For example, it is possible to
parse mvp_11_flag after initializing Mvd or MvdCp. In this
case, initialization of Mvd or MvdCp may be the initializa-
tion described with reference to FIG. 40A and FIG. 40B.
Also, mvp_11_flag parsing may follow the description of
FIG. 43A and FIG. 43B. For example, when the Mvd and
MvdCp values for reference list L1 are not 0 based on
mvd_11_zero_flag, if the MotionModelldc value is 1, the
MvdCpL.1 values of the control point index 2 may be
initialized and the mvp_11 flag can be parsed.

FIG. 44A and FIG. 44B illustrate an inter prediction-
related syntax structure according to an embodiment of the
present disclosure.

The embodiment of FIG. 44A and FIG. 44B may be an
embodiment for increasing coding efficiency by not remov-
ing the degree of freedom in selecting MVP. Also, the
embodiment of FIG. 44 A and FIG. 44B may be an embodi-
ment obtained by describing the embodiment described with
reference to FIG. 43A and FIG. 43B in a different manner.
Therefore, a description redundant with the embodiment of
FIG. 43A and FIG. 43B may be omitted.

In the embodiment of FIG. 44A and FIG. 44B, when it
indicates that the Mvd or MvdCp value is O based on
mvd_11_zero_flag, signaling indicating MVP can be parsed.
Signaling indicating MVP may include mvp_11_flag.

FIG. 45A and FIG. 45B illustrate an inter prediction-
related syntax according to an embodiment of the present
disclosure.

According to an embodiment of the present disclosure,
the inter prediction method may include skip mode, merge
mode, inter mode, etc. According to an embodiment, a
residual signal may not be transmitted in skip mode. Also, an
MYV determination method such as merge mode can be used
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in skip mode. Whether or not to use skip mode may be
determined according to a skip flag. Referring to FIG. 33,
whether or not to use skip mode can be determined accord-
ing to a value of cu_skip_flag.

According to an embodiment, the motion vector differ-
ence may not be used in merge mode. A motion vector can
be determined on the basis of a motion candidate index.
Whether or not to use merge mode can be determined
according to a merge flag. Referring to FIG. 33, whether or
not to use merge mode can be determined according to a
merge flag value. Also, it is possible to use merge mode
when skip mode is not used.

In skip mode or merge mode, it is possible to selectively
use one or more candidate list types. For example, it is
possible to use a merge candidate or a subblock merge
candidate. Also, the merge candidate can include a spatial
neighboring candidate, a temporal candidate, etc. Also, the
merge candidate may include a candidate using a motion
vector for the entire current block (CU; coding unit). That is,
the motion vector of each subblock belonging to the current
block may include the same candidate. Also, the subblock
merge candidate may include a subblock-based temporal
MYV, an affine merge candidate, etc. Also, the subblock
merge candidate can include a candidate for which a differ-
ent motion vector for each subblock of the current block
(CU) can be used. The affine merge candidate may be a
method constructed by a method of determining the control
point motion vector of the affine motion prediction without
using the motion vector difference when determining the
control point motion vector. Also, the subblock merge
candidate can include methods for determining a motion
vector in units of subblocks in the current block. For
example, the subblock merge candidate may include planar
MYV, regression based MV, STMVP, etc. in addition to the
subblock-based temporal MV and affine merge candidate
mentioned above.

According to an embodiment, a motion vector difference
can be used in inter mode. A motion vector predictor can be
determined on the basis of the motion candidate index, and
a motion vector can be determined on the basis of a
difference between the motion vector predictor and the
motion vector difference. Whether or not to use inter mode
can be determined according to whether or not other modes
are used. In another embodiment, whether or not to use inter
mode may be determined by a flag. FIG. 45A and FIG. 45B
illustrate an example of using inter mode when skip mode
and merge mode, which are other modes, are not used.

Inter mode may include AMVP mode, affine inter mode,
etc. Inter mode may be mode for determining the motion
vector on the basis of the motion vector predictor and the
motion vector difference. Affine inter mode may be a method
of using the motion vector difference when determining a
control point motion vector of affine motion prediction.

Referring to FIG. 45A and FIG. 45B, it is possible to
determine whether to use a subblock merge candidate or a
merge candidate after skip mode or merge mode is deter-
mined. For example, when a specific condition is satisfied,
merge_subblock_flag indicating whether or not the subblock
merge candidate is used can be parsed. Also, the specific
condition may be a condition related to block size. For
example, it may be a condition related to a width, height,
area, etc., and a combination of these may be used. Referring
to FIG. 45A and FIG. 45B, for example, it may be a
condition when the width and height of the current block
(CU) are greater than or equal to a specific value. When
parsing merge_subblock_flag, its value can be inferred to be
equal to 0. If merge_subblock_flag is 1, the subblock merge
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candidate may be used, and if merge_subblock_flag is 0, the
merge candidate may be used. When the subblock merge
candidate is used, merge_subblock_idx, which is a candidate
index, can be parsed, and when the merge candidate is used,
merge_idx, which is a candidate index, can be parsed. In this
case, when the maximum number of candidate lists is 1,
parsing may not be performed. When merge_subblock_idx
or merge_idx is not parsed, it can be inferred to be equal to
0.

FIG. 45A and FIG. 45B illustrate a coding unit function,
in which intra prediction related content may be omitted, and
FIG. 45A and FIG. 45B may illustrate a case inter prediction
is determined.

FIG. 46 is a diagram illustrating triangle partitioning
mode according to an embodiment of the present disclosure.

The triangle partitioning mode (TPM) mentioned in this
disclosure may be called various names such as triangle
partition mode, triangle prediction, triangle based predic-
tion, triangle motion compensation, triangular prediction,
triangle inter prediction, triangular merge mode, and triangle
merge mode. Also, the TPM may be included in geometric
partitioning mode (GPM).

As illustrated in FIG. 46, the TPM may be a method of
dividing a rectangular block into two triangles. However,
GPM can split a block into two blocks in various ways. For
example, the GPM may split one rectangular block into two
triangular blocks as illustrated in FIG. 46. Also, the GPM
can split one rectangular block into one pentagonal block
and one triangular block. Also, the GPM can split one
rectangular block into two quadrangle blocks. Here, the
rectangle may include a square. Hereinafter, for convenience
of description, the description is made based on the TPM,
which is a simple version of the GPM, but should be
interpreted as including the GPM.

According to an embodiment of the present disclosure,
uni-prediction may exist as a prediction method. The uni-
prediction may be a prediction method using one reference
list. A plurality of referent lists may exist, and according to
an embodiment, two referent lists of L.O and .1 may exist.
When using the uni-prediction, it is possible to use one
reference list in one block. Also, when using the uni-
prediction, it is possible to use one motion information to
predict one pixel. In the present disclosure, a block may
mean a coding unit (CU) or a prediction unit (PU). Also, in
the present disclosure, a block may mean a transformation
unit (TU).

According to another embodiment of the present disclo-
sure, bi-prediction may exist as a method for prediction. The
bi-prediction may be a prediction method using a plurality of
reference lists. In an embodiment, the bi-prediction may be
a prediction method using two reference lists. For example,
the bi-prediction can use O and L1 reference lists. When
using the bi-prediction, it is possible to use multiple refer-
ence lists in one block. For example, when using the
bi-prediction, it is possible to use two reference lists in one
block. Also, when using the bi-prediction, it is possible to
use multiple motion information to predict one pixel.

The motion information can include a motion vector, a
reference index, and a prediction list utilization flag.

The reference list may be a reference picture list.

In the present disclosure, motion information correspond-
ing to the uni-prediction or bi-prediction may be defined as
one motion information set.

According to an embodiment of the present disclosure, it
is possible to use a plurality of motion information sets when
using the TPM. For example, when using the TPM, it is
possible to use two motion information sets. For example,
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when using the TPM, it is possible to use at most two motion
information sets. Also, the method in which two motion
information sets are applied within a block using the TPM
can be based on a position. For example, within a block for
which the TPM is used, it is possible to use one motion
information set for a preset position and use another motion
information set for another preset position. Additionally, for
another preset position, it is possible to use two motion
information sets together. For example, for the other preset
position, Prediction 3 based on Prediction 1, which is based
on one motion information set, and Prediction 2, which is
based on another motion information set, may be used for
prediction. For example, Prediction 3 may be a weighted
sum of Prediction 1 and Prediction 2.

Referring to FIG. 46, Partition 1 and Partition 2 may
schematically represent the preset position and the other
preset position. When using the TPM, one of two split
methods can be used as illustrated in FIG. 46. The two split
methods may include a diagonal split and an anti-diagonal
split. The block can also be divided into two triangle-shaped
partitions by splitting. As already described, the TPM can be
included in the GPM. Since the GPM has already been
described, a redundant description will be omitted.

According to an embodiment of the present disclosure,
when using the TPM, it is possible to use only the uni-
prediction for each partition. That is, it is possible to use one
motion information for each partition. This may be to reduce
memory access and complexity such as computational com-
plexity. Therefore, it is possible to use only two motion
information for each CU.

It is also possible to determine each motion information
from the candidate list. According to an embodiment, the
candidate list used for the TPM can be based on a merge
candidate list. In another embodiment, the candidate list
used for the TPM can be based on an AMVP candidate list.
Therefore, it is possible to signal the candidate index in
order to use the TPM. Also, for a block using the TPM, it is
possible to encode, decode, and parse the candidate index as
many as the number of partitions or at most the number of
partitions in the TPM.

Also, even if a block is predicted on the basis of multiple
motion information by the TPM, it is possible to perform
transform and quantization on the entire block.

FIG. 47 is a diagram illustrating merge data syntax
according to an embodiment of the present disclosure.

According to an embodiment of the present disclosure,
the merge data syntax may include signaling related to
various modes. The various modes may include regular
merge mode, merge with MVD (MMVD), subblock merge
mode, combined intra- and inter-prediction (CIIP), TPM,
etc. Regular merge mode may be the same mode as merge
mode in HEVC. Also, signaling indicating whether the
various modes are used in the block may exist. Also, these
signaling may be parsed as syntax elements or may be
implicitly signaled. Referring to FIG. 47, signaling indicat-
ing whether regular merge mode, MMVD, subblock merge
mode, CIIP, and TPM is used may be regular_merge_flag,
mmvd_merge_flag (or mmvd_{flag), merge_subblock_flag,
ciip_flag (or mh_intra_flag), MergeTriangleFlag (or merge_
triangle_flag), respectively.

According to an embodiment of the present disclosure,
when merge mode is used, if it is signaled that all modes
except for certain mode among various modes are not used,
it can be determined to use the certain mode. Also, when
merge mode is used, if it is signaled that at least one of
modes except for a certain mode among the various modes
is used, it can be determined that the certain mode is not
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used. Also, higher level signaling indicating whether mode
can be used may exist. The higher level may be a unit
including a block. The higher level may be a sequence,
picture, slice, tile group, tile, CTU, etc. If higher level
signaling indicating whether mode can be used indicates that
it can be used, additional signaling indicating whether the
mode is used may exist, and the mode may or may not be
used. If higher level signaling indicating whether mode can
be used indicates that it cannot be used, the mode may not
be used. For example, when using merge mode, if it is
signaled that all of regular merge mode, MMVD, subblock
merge mode, and CIIP are not used, it can be determined to
use the TPM. Also, when using the merge mode, if it is
signaled that at least one of regular merge mode, MMVD,
subblock merge mode, and CIIP is used, it can be determined
not to use the TPM. Also, signaling indicating whether
merge mode is used may exist. For example, signaling
indicating whether to use merge mode may be general merge
flag or merge flag. If merge mode is used, the merge data
syntax as illustrated in FIG. 47 can be parsed.

Also, the block size that can be used for the TPM may be
limited. For example, it is possible to use the TPM when
both the width and height are 8 or more.

If the TPM is used, TPM-related syntax elements can be
parsed. The TPM-related syntax elements can include sig-
naling indicating a split method and signaling indicating a
candidate index. The split method may mean a split direc-
tion. Multiple signaling (e.g., two signaling) indicating the
candidate index may exist for a block using the TPM.
Referring to FIG. 47, signaling indicating the split method
may be merge_triangle_split_dir. Also, signaling indicating
the candidate index may be merge_triangle_idx0 and mer-
ge_triangle_idx1.

In the present disclosure, the candidate indices for the
TPM may be m and n. For example, candidate indices for
Partition 1 and Partition 2 of FIG. 46 may be m and n,
respectively. According to an embodiment, m and n can be
determined based on signaling indicating the candidate
index described with reference to FIG. 47. According to an
embodiment of the present disclosure, one of m and n can be
determined on the basis of one of merge_triangle_idx0 and
merge_triangle_idx1, and the other one of m and n can be
determined on the basis of both merge_triangle_idx0 and
merge_triangle_idx1.

Alternatively, one of m and n can be determined on the
basis of one of merge_triangle_idx0 and merge_trian-
gle_idx1, and the other of m and n can be determined on the
basis of the other of merge_triangle_idx0 and merge_trian-
gle_idx1.

More specifically, it is possible that m is determined on
the basis of merge_triangle_idx0 and n is determined on the
basis of merge_triangle_idx0 (or m) and merge_trian-
gle_idx1. For example, m and n can be determined as
follows.

m=merge_triangle_idx0

n=merge_triangle idx1+(merge_triangle_idx1>=m)?
1:0

According to an embodiment of the present disclosure, m
and n may not be the same. This is because, in TPM, when
two candidate indices are the same, that is, when two motion
information is the same, the effect of partitioning may not be
obtained. Therefore, the above signaling method may be for
reducing the number of signaling bits in a case of n>m when
signaling n. Since m will not be n among all candidates, it
can be excluded from signaling.
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If the candidate list used in the TPM is mergeCandList,
mergeCandList{m] and mergeCandList[n]| can be used as
motion information in the TPM.

FIG. 48 is a diagram illustrating higher level signaling
according to an embodiment of the present disclosure.

According to an embodiment of the present disclosure,
multiple higher level signaling may exist. Higher level
signaling may be signaling transmitted in a higher level unit.
The higher level unit may include one or more lower level
units. Higher level signaling may be signaling applied to one
or more lower level units. For example, a slice or sequence
may be a higher level unit for a CU, PU, TU, or the like. In
contrast, the CU, PU, or TU may be a low level unit for the
slice or sequence.

According to an embodiment of the present disclosure,
higher level signaling may include signaling indicating the
maximum number of candidates. For example, higher level
signaling may include signaling indicating the maximum
number of merge candidates. For example, higher level
signaling may include signaling indicating the maximum
number of candidates used in the TPM. Signaling indicating
the maximum number of merge candidates or signaling
indicating the maximum number of candidates used in the
TPM can be signaled and parsed when inter prediction is
allowed. Whether inter prediction is allowed can be deter-
mined by a slice type. As the slice types, I, P, B, etc. may
exist. For example, when the slice type is I, inter prediction
may not be allowed. For example, when the slice type is I,
only intra prediction or intra block copy IBC can be used.
Also, when the slice type is P or B, inter prediction can be
allowed. Also, when the slice type is P or B, intra prediction,
IBC, etc. can be allowed. Also, when the slice type is P, it
is possible to use at most one reference list to predict pixels.
Also, when the slice type is B, it is possible to use multiple
reference lists to predict pixels. For example, if the slice type
is B, it is possible to use two reference lists to predict pixels.

According to an embodiment of the present disclosure,
when signaling a maximum number, it is possible to signal
on the basis of a reference value. For example, it is possible
to signal (reference value-maximum number). Therefore, it
is possible to derive the maximum number on the basis of
the value obtained by parsing by the decoder and the
reference value. For example, (reference value—value
obtained by parsing) can be determined as the maximum
number.

According to an embodiment, a reference value in sig-
naling indicating the maximum number of the merge can-
didates may be 6.

According to an embodiment, the reference value in
signaling indicating the maximum number of candidates
used in the TPM may be a maximum number of the merge
candidates.

Referring to FIG. 48, signaling indicating the maximum
number of merge candidates may be six_minus_max_num_
merge_cand. Here, the merge candidate may mean a candi-
date for merge motion vector prediction. Hereinafter, for
convenience of description, six_minus_max_num_merge_
cand is also called first information. Referring to FIGS. 2
and 7, signaling may mean a signal transmitted from the
encoder to the decoder through the bitstream. The six_mi-
nus_max_num_merge_cand (first information) may be sig-
naled in units of sequences. The decoder can parse six_mi-
nus_max_num_merge_cand (first information) from the
bitstream.

Also, signaling indicating the maximum number of can-
didates used in the TPM can be max_num_merge_cand_mi-
nus_max_num_triangle_cand. Referring to FIGS. 2 and 7,
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signaling may mean a signal transmitted from the encoder to
the decoder through the bitstream. The decoder can parse
max_num_merge_cand_minus_max_num_triangle_cand
(third information) from the bitstream. The max_num_
merge_cand_minus_max_num_triangle_cand (third infor-
mation) may be information related to the maximum number
of merge mode candidates for a partitioned block.

Also, the maximum number of merge candidates may be
MaxNumMergeCand (maximum number of merge candi-
dates), and this value may be based on six_minus_
max_num_merge_cand (first information). Also, the maxi-
mum number of candidates used in the TPM may be
MaxNumTriangleMergeCand, and this value may be based
on max_num_merge_cand_minus_max_num_triangle_
cand. MaxNumMergeCand (maximum number of merge
candidates) can be used for merge mode, and is information
that can be used when a block is partitioned or not parti-
tioned for motion compensation. In the above, the descrip-
tion has been made based on the TPM, but the GPM may
also be described in the same manner.

According to an embodiment of the present disclosure,
higher level signaling indicating whether the TPM mode can
be used may exist. Referring to FIG. 48, higher level
signaling indicating whether the TPM mode can be used
may be sps_triangle_enabled_flag (second information).
Information indicating whether or not TPM mode can be
used may be the same as information indicating whether or
not the block can be partitioned as illustrated in FIG. 46 for
inter prediction. Since the GPM includes the TPM, infor-
mation indicating whether or not a block can be partitioned
may be the same as the information indicating whether or
not to use GPM mode. Performing inter prediction may
indicate performing motion compensation. That is, sps_tri-
angle_enabled_flag (second information) may be informa-
tion indicating whether or not a block can be partitioned for
inter prediction. When second information indicating
whether or not the block can be partitioned is 1, it may
indicate that the TPM or the GPM can be used. Also, when
second information is 0, it may indicate that the TPM or the
GPM cannot be used. However, the present disclosure is not
limited thereto, and when second information is 0, it may
indicate that the TPM or the GPM can be used. Also, when
second information is 1, it may indicate that the TPM or the
GPM cannot be used.

Referring to FIGS. 2 and 7, signaling may mean a signal
transmitted from the encoder to the decoder through the
bitstream. The decoder can parse sps_triangle_enabled_flag
(second information) from the bitstream.

According to an embodiment of the present disclosure, it
is possible to use the TPM only when candidates used in the
TPM greater than or equal to the number of partitions of the
TPM can exist. For example, when the TPM is partitioned
into two partitions, it is possible to use the TPM only when
two or more candidates used in the TPM can exis. According
to an embodiment, the candidate used in the TPM may be
based on the merge candidate. Therefore, according to an
embodiment of the present disclosure, it may be possible to
use the TPM when the maximum number of merge candi-
dates is 2 or more. Therefore, when the maximum number
of merge candidates is 2 or more, it is possible to parse
signaling related to the TPM. Signaling related to the TPM
may be signaling indicating the maximum number of can-
didates used in the TPM.

Referring to FIG. 48, when sps_triangle_enabled_flagis 1
and MaxNumMergeCand is 2 or more, it is possible to parse
max_num_merge_cand_minus_max_num_triangle_cand.
Also, when sps_triangle_enabled_flag is 0 or MaxNum-
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MergeCand is less than 2, it is possible not to parse
max_num_merge_cand_minus_max_num_triangle_cand.

FIG. 49 is a diagram illustrating the maximum number of
candidates used in TPM according to an embodiment of the
present disclosure.

Referring to FIG. 49, the maximum number of candidates
used in the TPM may be MaxNumTriangleMergeCand.
Also, signaling indicating the maximum number of candi-
dates used in the TPM may be max_num_merge_cand_mi-
nus_max_num_triangle_cand. Also, the contents described
with reference to FIG. 48 may be omitted.

According to an embodiment of the present disclosure,
the maximum number of candidates used in the TPM may
exist in a range, from “the number of partitions of TPM” to
“a reference value in signaling indicating the maximum
number of candidates used in TPM”, inclusive. Therefore,
when the number of partitions of the TPM is 2 and the
reference value is the maximum number of merge candi-
dates, MaxNumTriangleMergeCand may exist in the range
from 2 to MaxNumMergeCand, inclusive, as illustrated in
FIG. 49.

According to an embodiment of the present disclosure,
when signaling indicating the maximum number of candi-
dates used in the TPM does not exist, it is possible to infer
signaling indicating the maximum number of candidates
used in the TPM or infer the maximum number of candidates
used in the TPM. For example, when signaling indicating the
maximum number of candidates used in the TPM does not
exist, the maximum number of candidates used in the TPM
can be inferred to be equal to 0. Alternatively, when signal-
ing indicating the maximum number of candidates used in
the TPM does not exist, signaling indicating the maximum
number of candidates used in the TPM can be inferred to a
reference value.

Also, when signaling indicating the maximum number of
candidates used in the TPM does not exist, it is possible not
to use the TPM. Alternatively, when the maximum number
of candidates used in the TPM is less than the number of
partitions in the TPM, it is possible not to use the TPM.
Alternatively, when the maximum number of candidates
used in the TPM is 0, it is possible not to use the TPM.

However, according to the embodiment of FIGS. 48 to 49,
when the number of partitions of the TPM and “a reference
value in signaling indicating the maximum number of can-
didates used in the TPM” are the same, there may be only
one possible value as the maximum number of candidates
used in the TPM. However, according to the embodiment of
FIGS. 48 to 49, even in such a case, signaling indicating the
maximum number of candidates used in the TPM may be
parsed, which may be unnecessary. When MaxNumMerge-
Cand is 2, referring to FIG. 49, a possible value as MaxNum-
TriangleMergeCand may be only 2. However, referring to
FIG. 48, even in such a case, max_num_merge_cand_min-
us_max_num_triangle_cand can be parsed.

Referring to FIG. 49, MaxNumTriangleMergeCand can
be determined as (MaxNumMergeCand-max_num_merge_
cand_minus_max_num_triangle_cand).

FIG. 50 is a diagram illustrating higher level signaling
related to the TPM according to an embodiment of the
present disclosure.

According to an embodiment of the present disclosure,
when the number of partitions of the TPM and the “reference
value in signaling indicating the maximum number of can-
didates used in the TPM” are the same, signaling indicating
the maximum number of candidates used in the TPM may
not be parsed. Also, according to the embodiment described
above, the number of partitions of the TPM may be 2. Also,
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the “reference value in signaling indicating the maximum
number of candidates used in the TPM” may be the maxi-
mum number of merge candidates. Therefore, when the
maximum number of merge candidates is 2, signaling indi-
cating the maximum number of candidates used in the TPM
may not be parsed.

Alternatively, when the “reference value in signaling
indicating the maximum number of candidates used in the
TPM?” is less than or equal to the number of partitions in the
TPM, signaling indicating the maximum number of candi-
dates used in the TPM may not be parsed. Therefore, when
the maximum number of merge candidates is 2 or less,
signaling indicating the maximum number of candidates
used in the TPM may not be parsed.

Referring to line 5001 of FIG. 50, when MaxNumMerge-
Cand (maximum number of merge candidates) is 2 or
MaxNumMergeCand (maximum number of merge candi-
dates) is 2 or less, max_num_merge_cand_minus_
max_num_triangle_cand (third information) may not be
parsed. Also, when sps_triangle_enabled_flag (second infor-
mation) is 1 and MaxNumMergeCand (maximum number of
merge candidates) is greater than 2, max_num_merge_can-
d_minus_max_num_triangle_cand (third information) can
be parsed. Also, when sps_triangle_enabled_flag (second
information) is 0, max_num_merge_cand_minus_
max_num_triangle_cand (third information) may not be
parsed. Therefore, when sps_triangle_enabled_flag (second
information) is 0 or MaxNumMergeCand (maximum num-
ber of merge candidates) is 2 or less, max_num_merge_can-
d_minus_max_num_triangle_cand (third information) may
not be parsed.

FIG. 51 is a diagram illustrating a maximum number of
candidates used in the TPM according to an embodiment of
the present disclosure.

The embodiment of FIG. 51 can be implemented together
with the case of the embodiment of FIG. 50. Also, descrip-
tions of those described above may be omitted in this
drawing.

According to an embodiment of the present disclosure,
when the “reference value in signaling indicating the maxi-
mum number of candidates used in the TPM” is the number
of partitions in the TPM, the maximum number of candi-
dates used in the TPM may be inferred and set to the number
of partitions of the TPM. Also, inferring and setting may be
performed in a case where signaling indicating the maxi-
mum number of candidates used in the TPM does not exist.
According to the embodiment of FIG. 50, when the “refer-
ence value in signaling indicating the maximum number of
candidates used in the TPM” is the number of partitions in
the TPM, signaling indicating the maximum number of
candidates used in the TPM may not be parsed, and when
signaling indicating the maximum number of candidates
used in the TPM does not exist, the value of the maximum
number of candidates used in the TPM may be inferred to be
the number of partitions in the TPM. It is also possible to
perform inferring and setting when an additional condition
is satisfied. The additional condition may be a condition in
which higher level signaling indicating whether the TPM
mode can be used is 1.

Also, in this embodiment, although inferring and setting
the maximum number of candidates used in the TPM has
been described, it is also possible to infer and set signaling
indicating the maximum number of candidates used in the
TPM so that the maximum number value of the candidate
used in the described TPM is derived, instead of inferring
and setting the maximum number of candidates used in the
TPM.
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Referring to FIG. 50, when sps_triangle_enabled_flag
(second information) indicates 1 and MaxNumMergeCand
(maximum number of merge candidates) is greater than 2,
max_num_merge_cand_minus_max_num_triangle_cand
(third information) may be received. In this case, referring to
line 5101 of FIG. 51, MaxNumTriangleMergeCand (maxi-
mum number of merge mode candidates for a partitioned
block) may be obtained using clearly signaled max_num_
merge_cand_minus_max_num_triangle_cand (third infor-
mation). In summary, when sps_triangle_enabled_flag (sec-
ond information) indicates 1 and MaxNumMergeCand
(maximum number of merge candidates) is greater than or
equal to 3, MaxNumTriangleMergeCand (maximum num-
ber of merge mode candidates for a patitioned block) may be
obtained by subtracting third information (max_num_
merge_cand_minus_max_num_triangle_cand) from
MaxNumMergeCand (maximum number of merge candi-
dates).

Referring to line 5102 of FIG. 51, when sps_triangle_en-
abled_flag (second information) is 1 and MaxNumMerge-
Cand (maximum number of merge candidates) is 2, it is
possible to set MaxNumTriangleMergeCand (maximum
number of merge mode candidates for a partitioned block) to
2. More specifically, as already described, when sps_trian-
gle_enabled_flag (second information) indicates 1 and
MaxNumMergeCand (maximum number of merge candi-
dates) is greater than 2, max_num_merge_cand_minus_
max_num_triangle_cand (third information) can be
received, and thus, as at line 5102, when sps_triangle_en-
abled_flag (second information) is 1 and MaxNumMerge-
Cand (maximum number of merge candidates) is 2,
max_num_merge_cand_minus_max_num_triangle_cand
(third information) may not be received. In this case,
MaxNumTriangleMergeCand (maximum number of merge
mode candidates for a partitioned block) can be determined
without max_num_merge_cand_minus_max_num_tri-
angle_ cand (third information).

Also, referring to line 5103 of FIG. 51, when sps_trian-
gle_enabled_flag (second information) is 0 or MaxNum-
MergeCand (maximum number of merge candidates) is not
2, it is possible to infer and set MaxNumTriangleMergeCand
(maximum number of merge mode candidates for a parti-
tioned block) to 0. In this case, as already described with
reference to line 5101, when sps_triangle_enabled_flag (sec-
ond information) indicates 1 and MaxNumMergeCand
(maximum number of merge candidates) is greater than or
equal to 3, max_num_merge_cand_minus_max_num_tri-
angle_cand (third information) may be signaled, and thus a
case where MaxNumTriangleMergeCand is inferred and set
to 0 may be a case where the second information is 0 or the
maximum number of merge candidates is 1. In summary,
when sps_triangle_enabled_flag (second information) is O or
MaxNumMergeCand (maximum number of merge candi-
dates) is 1, MaxNumTriangleMergeCand (maximum num-
ber of merge mode candidates for a partitioned block) can be
set to 0.

MaxNumMergeCand (maximum number of merge can-
didates) and MaxNumTriangleMergeCand (maximum num-
ber of merge mode candidates for a partitioned block) can be
used for different purposes. For example, MaxNumMerge-
Cand (maximum number of merge candidates) can be used
when a block is partitioned or not partitioned for motion
compensation. However, MaxNumTriangleMergeCand
(maximum number of merge mode candidates for a parti-
tioned block) is information that can be used when the block
is partitioned. The number of candidates for a partitioned
block, which is in merge mode, cannot exceed MaxNum-
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TriangleMergeCand (maximum number of merge mode
candidates for a partitioned block).

It is also possible to use another embodiment. In the
embodiment of FIG. 51, the case where MaxNumMerge-
Cand is not 2 includes a case where MaxNumMergeCand is
greater than 2, and in that case, the meaning of inferring and
setting MaxNumTriangleMergeCand to 0 may be unclear,
but in such a case, since signaling indicating the maximum
number of candidates used in the TPM exists, inferring is not
performed, and accordingly, there is no problem in opera-
tion. However, in this embodiment, inferring can be per-
formed by making use of the meaning.

If sps_triangle_enabled_flag (second information) is 1
and MaxNumMergeCand (maximum number of merge can-
didates) is 2 or more, it is possible to infer and set MaxNum-
TriangleMergeCand to 2 (or MaxNumMergeCand). Other-
wise (that is, when sps_triangle enabled flag is 0 or
MaxNumMergeCand is less than 2), it is possible to infer
and set MaxNumTriangleMergeCand to 0.

Alternatively, if sps_triangle_enabled_flag is 1 and
MaxNumMergeCand is 2, it is possible to infer and set
MaxNumTriangleMergeCand to 2. Otherwise, if sps_trian-
gle_enabled_flag is O, it is possible to infer and set
MaxNumTriangleMergeCand to 0.

Therefore, according to the embodiment of FIG. 50 in the
above embodiments, when MaxNumMergeCand is O or 1 or
2, signaling indicating the maximum number of candidates
used in the TPM may not exist, and when MaxNumMerge-
Cand is 0 or 1, the maximum number of candidates used in
the TPM can be inferred and set to 0. When MaxNumMerge-
Cand is 2, the maximum number of candidates used in the
TPM may be inferred and set to 2.

FIG. 52 is a diagram illustrating TPM-related syntax
elements according to an embodiment of the present disclo-
sure.

As described above, the maximum number of candidates
used in the TPM may exist, and the number of partitions of
the TPM may be preset. Also, candidate indices used in the
TPM may be different.

According to an embodiment of the present disclosure,
when the maximum number of candidates used in the TPM
is the same as the number of partitions in the TPM, signaling
different from the case where they are not the same can be
performed. For example, when the maximum number of
candidates used in the TPM is the same as the number of
partitions in the TPM, signaling different from the case
where they are not the same can be performed. Accordingly,
it is possible to signal with fewer bits. Alternatively, when
the maximum number of candidates used in the TPM is less
than or equal to the number of partitions of the TPM,
signaling different from the case where the maximum num-
ber of candidates is greater than the number of partitions can
be performed (Of these, when the number of partitions is
smaller than the number of partitions of the TPM, it may be
the case that the TPM cannot be used).

When there are two partitions of the TPM, two candidate
indices can be signaled. If the maximum number of candi-
dates used in the TPM is 2, there may be only two possible
candidate index combinations. The two combinations may
be a combination in which m and n are 0 and 1, respectively,
and a combination in which m and n are 1 and 0, respec-
tively. Therefore, two candidate indices can be signaled only
by 1-bit signaling.

Referring to FIG. 52, when MaxNumTriangleMergeCand
is 2, candidate index signaling different from the case where
it is not (otherwise, when TPM is used, the case where
MaxNumTriangleMergeCand is greater than 2) can be per-
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formed. Alternatively, when MaxNumTriangleMergeCand
is 2 or less, candidate index signaling different from the case
where it is not (otherwise, when TPM is used, the case where
MaxNumTriangleMergeCand is greater than 2) can be per-
formed. Different candidate index signaling may be merge_
triangle_idx_indicator parsing when referring to FIG. 52.
Different candidate index signaling may be a signaling
method that does not parse merge_triangle_idx0 or merge_
triangle_idx1. This will be further described with reference
to FIG. 53.

FIG. 53 is a diagram illustrating signaling of a TPM
candidate index according to an embodiment of the present
disclosure.

According to an embodiment of the present disclosure,
when index signaling different from that described with
reference to FIG. 52 is used, a candidate index may be
determined based on merge_triangle_idx_indicator. Also,
when different index signaling is used merge_triangle_idx0
or merge_triangle_idx1 may not exist.

According to an embodiment of the present disclosure,
when the maximum number of candidates used in the TPM
is the same as the number of partitions in the TPM, the TPM
candidate index can be determined on the basis of merge_
triangle_idx_indicator. Also, this may be a case of a block
using the TPM.

More specifically, when MaxNumTriangleMergeCand is
2 (or when MaxNumTriangleMergeCand is 2 and MergeT-
riangleFlag is 1), the TPM candidate index may can be
determined on the basis of merge_triangle_idx_indicator. In
this case, if merge_triangle_idx_indicator is 0, m and n,
which are TPM candidate indices, can be set to 0 and 1,
respectively, and if merge_triangle_idx_indicator is 1, m and
n, which are TPM candidate indices, can be set to 1 and 0,
respectively. Alternatively, merge_triangle_idx0 or merge_
triangle_idx1, which is a value (syntax element) that can be
parsed such that m and n are the same as those described, can
be inferred and set.

Referring to the method of setting m and n on the basis of
merge_triangle_idx0 and merge_triangle_idx1 described in
FIG. 47 and referring to FIG. 53, when merge_triangle_idx0
does not exist, if MaxNumTriangleMergeCand is 2 and
merge_triangle_idx_indicator is 1 (or if MaxNumTriangle-
MergeCand is 2 and MergeTriangleFlag is 1), the merge_t-
riangle_idx0 value can be inferred to be equal to 1. Also,
otherwise, the value of merge_triangle_idx0 may be inferred
to be equal to 0. Also, when merge_triangle_idx1 does not
exist, merge_triangle_idx1 can be inferred to be equal to 0.
Therefore, if MaxNumTriangleMergeCand is 2, when mer-
ge_triangle_idx_indicator is 0, merge_triangle_idx0 and
merge_triangle_idx1 are 0 and 0, respectively, and accord-
ingly, m and n can be 0 and 1, respectively. Also, if
MaxNumTriangleMergeCand is 2, when merge_trian-
gle_idx_indicator is 1, merge_triangle_idx0 and merge_tri-
angle_idx1 are 1 and 0, respectively, and accordingly, m and
n can be 1 and 0, respectively.

FIG. 54 is a diagram illustrating signaling of a TPM
candidate index according to an embodiment of the present
disclosure.

The method of determining TPM candidate indices has
been described with reference to FIG. 47, but another
determination method and a signaling method are described
in the embodiment of FIG. 54. A description that is redun-
dant with that described above may be omitted. Also, m and
n may represent candidate indices as described with refer-
ence to FIG. 47.

According to an embodiment of the present disclosure, a
smaller value among m and n can be signaled to a preset
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syntax element among merge_triangle_idx0 and merge_tri-
angle_idx1. Also, a value based on the difference between m
and n may be signaled to the other one of merge_trian-
gle_idx0 and merge_triangle_idx1. Also, it is possible to
signal a value indicating a magnitude relationship of m and
n.

For example, merge_triangle_idx0 may be a smaller value
of m and n. Also, merge_triangle_idx1 may be a value based
on Im-nl. The merge_triangle idx1 may be (Im-nl-1). This
is because m and n may not be the same. Also, a value
representing the magnitude relationship between m and n
may be merge_triangle_bigger of FIG. 54.

Using this relationship, m and n may be determined on the
basis of merge_triangle_idx0, merge_triangle idx1, and
merge_triangle_bigger. Referring to FIG. 54, another opera-
tion may be performed on the basis of the merge_trian-
gle_bigger value. For example, when merge_triangle_bigger
is 0, n may be greater than m. In this case, m may be
merge_triangle_idx0. Also, n may be (merge_trian-
gle_idx1+m+1). Also, when merge_triangle_bigger is 1, m
may be greater than n. In this case, n may be merge_trian-
gle_idx0. Also, m may be (merge_triangle_idx1+n+1).

The method in FIG. 54 has an advantage in that signaling
overhead can be reduced when the small valueer of m and
n is not 0 (or larger), compared to the method in FIG. 47. For
example, when m and n are 3 and 4, respectively, in the
method of FIG. 47, merge_triangle_idx0 and merge_trian-
gle_idx1 may need to be signaled as 3 and 3, respectively.
However, in the method of FIG. 54, when m and n are 3 and
4, respectively, merge_triangle_idx0 and merge_trian-
gle_idx1 may need to be signaled as 3 and 0, respectively (in
addition to this, signaling indicating a magnitude relation-
ship may be required). Therefore, when variable length
signaling is used, it is possible to use fewer bits because the
size of encoding and decoding values is reduced.

FIG. 55 is a diagram illustrating signaling of a TPM
candidate index according to an embodiment of the present
disclosure.

The method of determining TPM candidate indices has
been described with reference to FIG. 47, but another
determination method and a signaling method will be
described in the embodiment of FIG. 55. A description that
is redundant with that described above may be omitted.
Also, m and n may represent candidate indices as described
with reference to FIG. 47.

According to an embodiment of the present disclosure, a
value based on a larger value among m and n may be
signaled to a preset syntax element among merge_trian-
gle_idx0 and merge_triangle_idx1. Also, a value based on a
smaller value among m and n may be signaled to the other
one of merge_triangle_idx0 and merge_triangle_idx1. Also,
it is possible to signal a value indicating the magnitude
relationship of m and n.

For example, merge_triangle_idx0 can be based on the
larger value among m and n. According to an embodiment,
since m and n are not equal, the larger value among m and
n will therefore be greater than or equal to 1. Therefore, it
is possible to signal with fewer bits considering that a larger
value among m and n, which is 0, is excluded. For example,
merge_triangle_idx0 may be ((larger value among m and
n)-1). In this case, the maximum value of merge_trian-
gle_idx0 may be (MaxNumTriangleMergeCand-1-1) (-1
because it is a value starting from 0, and -1 because a larger
value of 0 can be excluded). The maximum value can be
used in binarization, and when the maximum value is
reduced, there may be cases where fewer bits are used. Also,
merge_triangle_idx1 may be a smaller value among m and
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n. Also, the maximum value of merge_triangle_idx1 may be
merge_triangle_idx0. Therefore, there may be a case where
fewer bits than setting the maximum value to MaxNumTri-
angleMergeCand are used. Also, when merge_triangle_idx0
is 0, that is, when the larger value among m and n is 1, the
smaller value among m and n is 0, and thus additional
signaling may not exist. For example, when merge_trian-
gle_idx0 is O, that is, when the larger value among m and n
is 1, the smaller value among m and n can be determined as
0. Alternatively, when merge_triangle_idx0 is 0, that is,
when the larger value among m and n is 1, merge_trian-
gle_idx1 can be inferred to be equal to and determined as 0.
Referring to FIG. 22, it is possible to determine whether or
not to parse merge_triangle_idx1 on the basis of merge_t-
riangle_idx0. For example, when merge_triangle_idx0 is
greater than 0, merge_triangle_idx1 can be parsed, and when
merge_triangle_idx0 is 0, merge_triangle_idx1 may not be
parsed.

Also, a value representing the magnitude relationship of
m and n may be merge_triangle_bigger of FIG. 55.

Using this relationship, m and n can be determined on the
basis of merge_triangle_idx0, merge_triangle_idx1, and
merge_triangle_bigger. Referring to FIG. 55, another opera-
tion may be performed on the basis of the value of merge
triangle bigger. For example, when merge_triangle_bigger is
0, m may be greater than n. In this case, m may be
(merge_triangle_idx0+1). Also, n may be merge_trian-
gle_idx1. Also, when merge triangle bigger is 1, n may be
greater than m. In this case, n may be (merge_triangle_idx0+
1). Also, m may be merge_triangle_idx1. Also, when mer-
ge_triangle_idx1 does not exist, its value can be inferred to
be equal to 0.

The method in FIG. 55 has an advantage in that signaling
overhead can be reduced according to m and n values,
compared to the method in FIG. 47. For example, when m
and n are 1 and 0, respectively, in the method of FIG. 47,
merge_triangle_idx0 and merge_triangle_idx1 may need to
be signaled as 1 and 0, respectively. However, in the method
of FIG. 55, when m and n are 1 and 0, respectively,
merge_triangle_idx0 and merge_triangle_idx1 may need to
be signaled as 0 and O, respectively, but merge_trian-
gle_idx1 can be inferred without encoding or parsing (in
addition to this, signaling indicating the magnitude relation-
ship may be required). Therefore, when variable length
signaling is used, it is possible to use fewer bits because the
size of encoding and decoding values is reduced. Alterna-
tively, when m and n are 2 and 1, respectively, it may be need
to signal merge_triangle_idx0 and merge_triangle_idx1 as 2
and 1 respectively, in the method of FIG. 47, and merge_t-
riangle_idx0 and merge_triangle_idx1 as 1 and 1, respec-
tively, in the method of FIG. 55. However, in this case, in the
method of FIG. 55, since the maximum value of merge_t-
riangle_idx1 is (3—-1-1)=1, 1 can be signaled with fewer bits
than when the maximum value is large. For example, the
method of FIG. 55 may be a method having an advantage
when the difference between m and n is small, for example,
when the difference is 1.

It has also been described that merge_triangle_idx0 is
referred to in order to determine whether or not to parse
merge_triangle_idx1 in the syntax structure of FIG. 55, but
it is also possible to determine whether or not to parse
merge_triangle_idx1 on the basis of the larger value among
m and n. That is, it can be classified into a case where the
larger value among m and n is 1 or more and a case where
it is not. However, in this case, merge_triangle_bigger
parsing may need to occur prior to the determination of
whether or not to parse merge_triangle_idx1.
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In the above description, the configuration has been
described through specific embodiments, but those skilled in
the art can make modifications and changes without depart-
ing from the spirit and scope of the present disclosure.
Therefore, what can be easily inferred by a person in the
technical field to which the present disclosure belongs from
the detailed description and embodiments of the present
disclosure is construed as being fallen within the scope of
right of the present disclosure.

What is claimed is:

1. A method for processing a video signal, comprising:

parsing, from a bitstream, a first syntax element indicating

whether adaptive motion vector differential resolution
is enabled; and

parsing, from the bitstream, a second syntax element

indicating whether affine motion compensation is
enabled;

when the first syntax element indicates that the adaptive

motion vector differential resolution is enabled and the
second syntax element indicates that the affine motion
compensation is enabled, parsing, from the bitstream, a
third syntax element indicating whether the adaptive
motion vector differential resolution is enabled for the
affine motion compensation.

2. The method of claim 1,

wherein at least one of the first syntax element, the second

syntax element, and/or the third syntax element is
signaled as a sequence unit.

3. The method of claim 1,

wherein, when the first syntax element indicates that the

adaptive motion vector differential resolution is not
enabled and the second syntax element indicates that
the affine motion compensation is enabled, a value of
the third syntax element is inferred as a value indicating
that the adaptive motion vector differential resolution is
not enabled for the affine motion compensation.

4. The method of claim 1,

wherein, when the second syntax element indicates that

the affine motion compensation is not enabled, a value
of the third syntax eclement is inferred as a value
indicating that the adaptive motion vector differential
resolution is not enabled for the affine motion compen-
sation.

5. The method of claim 1, the method further comprising:

parsing, from the bitstream, a fourth syntax element

indicating whether the affine motion compensation is
used for a current block;
when the first syntax element indicates that the adaptive
motion vector differential resolution is enabled, the
fourth syntax element indicates that the affine motion
compensation is not used for the current block and at
least one of a plurality of motion vector differences for
the current block is non-zero, parsing, from the bit-
stream, a fifth syntax element indicating a resolution of
a motion vector difference; and

modifying the plurality of motion vector differences for
the current block on the basis of the fifth syntax
element.

6. The method of claim 1, the method further comprising:

parsing, from the bitstream, a fourth syntax element

indicating whether the affine motion compensation is
used for a current block;

when the third syntax element indicates that the adaptive

motion vector differential resolution is enabled for the
affine motion compensation, the fourth syntax element
indicates that the affine motion compensation is used
for the current block and at least one of a plurality of
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control point motion vector differences for the current
block is non-zero, parsing, from the bitstream, a fifth
syntax element indicating a resolution of a motion
vector difference; and

modifying the plurality of control point motion vector
differences for the current block on the basis of the fifth
syntax element.

7. The method of claim 1, the method further comprising:

parsing, from the bitstream, a sixth syntax element related
to a reference picture list for a current block,

when the sixth syntax element indicates that a reference
picture list other than a reference picture list 0 is
available, parsing, from the bitstream, a seventh syntax
element indicating a motion vector predictor index of a
reference picture list 1.

8. The method of claim 7, the method further comprising:

parsing, from the bitstream, an eighth syntax element
indicating whether a motion vector difference and a
plurality of control point motion vector differences are
set to zero for the reference picture list 1,

wherein the seventh syntax element is parsed regardless
of the eighth syntax element.

9. A decoding apparatus for processing a video signal, the

decoding apparatus comprising:

a processor,

wherein the processor is configured to:

parse, from a bitstream, a first syntax element indicating
whether adaptive motion vector differential resolution
is enabled,

parse, from the bitstream, a second syntax element indi-
cating whether affine motion compensation is enabled,
and

when the first syntax element indicates that the adaptive
motion vector differential resolution is enabled and the
second syntax element indicates that the affine motion
compensation is enabled, parse, from the bitstream, a
third syntax element indicating whether the adaptive
motion vector differential resolution is enabled for the
affine motion compensation.

10. The decoding apparatus of claim 9,

wherein at least one of the first syntax element, the second
syntax element, and/or the third syntax element is
signaled as a sequence unit.

11. The decoding apparatus of claim 9,

wherein, when the

first syntax element indicates that the adaptive motion
vector differential resolution is not enabled and the
second syntax element indicates that the affine motion
compensation is enabled, a value of the third syntax
element is inferred as a value indicating that the adap-
tive motion vector differential resolution is not enabled
for the affine motion compensation.

12. The decoding apparatus of claim 9,

wherein, when the second syntax element indicates that
the affine motion compensation is not enabled, a value
of the third syntax eclement is inferred as a value
indicating that the adaptive motion vector differential
resolution is not enabled for the affine motion compen-
sation.

13. The decoding apparatus of claim 9,

wherein the processor is configured to:

parse, from the bitstream, a fourth syntax element indi-
cating whether the affine motion compensation is used
for a current block,

when the first syntax element indicates that the adaptive
motion vector differential resolution is enabled, the
fourth syntax element indicates that the affine motion
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compensation is not used for the current block and at
least one of a plurality of motion vector differences for
the current block is non-zero, parse, from the bitstream,
a fifth syntax element indicating a resolution of a
motion vector difference, and

modify the plurality of motion vector differences for the
current block on the basis of the fifth syntax element.

14. The decoding apparatus of claim 9,

wherein the processor is configured to:

parse, from the bitstream, a fourth syntax element indi-
cating whether the affine motion compensation is used
for a current block,

when the third syntax element indicates that the adaptive
motion vector differential resolution is enabled for the
affine motion compensation, the fourth syntax element
indicates that the affine motion compensation is used
for the current block and at least one of a plurality of
control point motion vector differences for the current
block is non-zero, parse, from the bitstream, a fifth
syntax element indicating a resolution of a motion
vector difference, and

modify the plurality of control point motion vector dif-
ferences for the current block on the basis of the fifth
syntax element.

15. The decoding apparatus of claim 9,

wherein the processor is configured to:

parse, from the bitstream, a sixth syntax element related
to a reference picture list for a current block,

when the sixth syntax element indicates that a reference
picture list other than a reference picture list 0 is
available, parse, from the bitstream, a seventh syntax
element indicating a motion vector predictor index of a
reference picture list 1.

16. The decoding apparatus of claim 15,

wherein the processor is configured to:

parse, from the bitstream, an eighth syntax element indi-
cating whether a motion vector difference and a plu-
rality of control point motion vector differences are set
to zero for the reference picture list 1,

wherein the seventh syntax element is parsed regardless
of the eighth syntax element.

17. An encoding apparatus for processing a video signal,

the encoding apparatus comprising:

a processor,

wherein the processor is configured to

obtain a bitstream to be decoded by a decoder using a
decoding method,

wherein the decoding method comprising:

parsing, from the bitstream, a first syntax element indi-
cating whether adaptive motion vector differential reso-
lution is enabled;

parsing, from the bitstream, a second syntax element
indicating whether affine motion compensation is
enabled; and

when the first syntax element indicates that the adaptive
motion vector differential resolution is enabled and the
second syntax element indicates that the affine motion
compensation is enabled, parsing, from the bitstream, a
third syntax element indicating whether the adaptive
motion vector differential resolution is enabled for the
affine motion compensation.

18. The encoding apparatus of claim 17,

wherein at least one of the first syntax element, the second
syntax element, and/or the third syntax element is
signaled as a sequence unit.
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19. The encoding apparatus of claim 17,

wherein when the first syntax element indicates that the
adaptive motion vector differential resolution is not
enabled and the second syntax element indicates that
the affine motion compensation is enabled, a value of 5
the third syntax element is inferred as a value indicating
that the adaptive motion vector differential resolution is
not enabled for the affine motion compensation.

20. A method for generating bitstream, comprising:

generating a first syntax element indicating whether adap- 10
tive motion vector differential resolution is enabled;

generating a second syntax element indicating whether
affine motion compensation is enabled;

when the first syntax element indicates that the adaptive
motion vector differential resolution is enabled and the 15
second syntax element indicates that the affine motion
compensation is enabled, generating a third syntax
element indicating whether the adaptive motion vector
differential resolution is enabled for the affine motion
compensation; and 20

generating a bitstream including at least one of the first
syntax element, the second syntax element, and/or the
third syntax element.
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